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N PREFACE
- The United States AJ'r~ Force‘Gradua‘te Student Resarch Program (USAF-GSRP) is
conducted under the United Air Force Summer Faculty Research Program. The program
provides funds for selected graduate students to work at an appropriate Air Force facility
with a supervising professor who holds a concurrent Summer Faculty Research Program
appointment or with a supervising Air Force Fngineer/Scientist. This is accompiisiied by
the students being selected on a nationally advecrtised competitive basis for a ten-week
assignment during the summer intersession period to perfrom research at Air Force
laboratories/centers.- Each assignment is in a subject area and at an Air Force facility
mutually agreed upon by the students and the Air Force. In addition to compensation,
travel and cost of living allowances are also paid. The USAF-GSRP is sponsored by the
Air Force Office of Scientific Research, Air Force Systems Command, United States Air
Force, and is conducted by Universal Energy Systems, Inc. /5600 T

The specific objectives of the 1989 USAF-GSRP are:

(1) To provide a productive means for the graduate students to participate in
research at Air Force Laboratories/Centers;

2) To stimulate continuing professional association among the graduate students
and their professional peers in the Air Force;

3) To further the research objectives of the United States Air Force;
4) To ephance the research productivity and capabilities of the graduate students
especially as these relate to Air Force technical interests.
During the summer of 1989, 102-graduate students participated. These researchers
were assigned to 23 USAF laboratories/centers across the country. This three volume

document is a compilation of the final reports written by the assigned students members

about their summer research efforts.
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" PREFACE

The United States Air Force Graduate Student Resarch Program (USAF-GSRP) is
conducted under the United Air Force Summer Faculty Research Program. The program
provides funds for selected graduate students to work at an appropriate Air Force facility
with a supervising professor who holds a concurrent Summer Faculty Research Program
appointment or with a supervising Air Force Engineer/Scientist. This is accomplished by
the students being selected on a nationally advertised competitive basis for a ten-week
assignment during the ¢ immer inteisession period to perfrom research at Air Force
iaboratories/centers. Eac'. assignment is in a subject area and at an Air Force facility
mutually agreed upon by the students and the Air Force. In addition to compensation,
travel and cost of living allowances are also paid. The USAF-GSRP is sponsored by the
Air Force Office of Scientific Research, Air Force Systems Command, United States Air
Force, and is conducted by Universal Energy Systems, Inc.

The specific objectives of the 1989 USAF-GSRP are:

1) To provide a productive means for the graduate students to participate in
research at Air Force Laboratories/Centers;

(2) To stimulate continuing professional association among the graduate students
and their professional peers in the Air Force;

(3) To further the research objectives of the United States Air Force;
4) To enhzace the research productivity and capabilities of the graduate students
especially as these relate to Air Force technical interests.
During the summer of 1989, 102-graduate students participated. These researchers
were assigned to 23 USAF laboratories/centers across the country. This three volume
document is a compilation of the final reports written by the assigned students members

about their summer research efforts.




LIST OF 1989 PARTICIPANTS

NAME/ADDRESS

Ben Abbott
Vanderbilt Univ.
Electrical Eng. Dept.
Nashville, TN 37240
(615) 322-6588

Sudarkodi Alagarsamy
Trinity University

715 Stadium

San Antonio, TX 78284
(512) 736-7011

Julie Albertson
Washington State Univ.
Sloan 201

Pullman, WA 99164
(509) 335-8654

David Alden
Cincinnati, Univ. of
408A Rhodes Hall
Cincinnati, OH 45221
(513) 556-3701

Darren Allen

Dept. of Mathematics
Murfreesboro, TN 37132
(615) 898-2669

Mojdeh Anderson
Cornell University
Phillips Hall
Ithaca, NY 14853
(607) 255-1445

David Andreshak
Illinois, Univ. of

101 Transportation Bldg.
Urbana, 1L, 61801
(217) 333-2651

Middle Tennessee State Uniyv.

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree: BS
Specialty:  Computer Science

Assigned:  Arnold Engineering Development
Center

Degree: BS
Specialty:  Biochemistry
Assigned:  School of Aerospace Medicine

Degree: MS
Specialty:  Mechanical Eng,
Assigned:  Frank J. Seiler Research Lab.

Degree: MS
Specialty:  Metal. Engineering
Assigned: = Materials Laboratory

Degree: MS

Specialty:  Mathematics

Asgigned:  Arnold Engineering Dsvelopment
Center

Degree: BS
Specialty:  Physics
Asgigned: Frank J. Seiler Research Lab.

Degree: BS
Specialty:  Aerospace Engineering
Assigned: = Weapons Laboratory



Fred Arnold

Michigan, University of
Rackman Graduate School
Ann Arbor, MI 48109
(318) 764-4437

John Baker
Kentucky, Univ. of
3200 Lochness Dr.
Lexington, KY 40503
(606) 439-1296

John Bambery

Indiana Univ. at Penn.
Rm. 25 Weyanot Hall
Indiana, PA 15705
(412) 357-2611

Rosemary Barbaro
Dayton, Univ. of

300 College Park Drive
Dayton, OH 45432
(513) 254-4444

Brian Bennett

Middle Tennessee State Univ.

Computer Sci. Dept.
Murphreesboro, TN 37132
(615) 898-2397

Robert Bolton

Texas A&M Univ.

EDG Area

College Station, TX 77843
(409) 845-0588

Darwin Boyd

Kent State Univ.

Smith Laboratory of Physics
Kent, OH 44242

{218/) 672-2880

Marcia Boyle

New Hampshire, Univ. of
PO Box LL

Durham, NH 03824
(603) 868-3107

Assigned:

i

BS
Physics
Aero Propulsion Laboratory

BS
Mechanical Eng.
Flight Dynamics Laboratory

BS
Physics
Avionics Laboratory

BS

Biology

Harry G. Armstrong Aerospace
Medical Research Laboratory

BS

Electrical Eng.

Arnold Engineering Development
Center

MS
Civil Eng.
Weapons Laboratory

MS
Physics
Materials Laboratory

BS
Mechanical Eng.
Materials Laboratory




John Butemeyer

Texas A&M Univ.

Dept. of Psychology
Coliege Station, TX 77843
(409) 845-0483

Eric Byrne

Kansas State Univ.
1225 Claflin Rd. #6
Manhattan, KS 66502
(913) 537-8647

Paul Calvo
Scranton, Univ. of
Biology Dept.

Loyola Hall
Scranton, PA 18510
(717) 961-6117

Keith Carroll

Oregon Instit. of Tech.
3201 Campus Dr.
Klamath Falls, OR 97601
(503) 882-6321

Kerry Christopher

West Florida, Univ. of
11000 University Parkway
Pensacola, FL, 32514
(904) 474-2150

d. Clemens

Wright State Univ.
Chemistry Dept.
Dayton, OE 45431
(513) 873-2855

Scott Coffin

Oklahoma, Univ. of

5530 Willowcliff

Oklahoma City, OK 73122

(405) 325-4701

X R~

Bradley Combs
Wichita State Univ.
1845 Fairmont
Wichita, KS 67208
(316) 689-3120

. M8

Psychology
Human Resources Laboratory:
Manpower & Personnel Division

MS
Computer Sci.
Avionics Laboratory

BS
Biology
School of Aerospace Medicine

BS
Electronical Eng.
Electronic Systems Division

BS
Physical Science
Flight Dynamics Laboratory

BS

Chemistry

Harry G. Armstrong Aerospace
Medical Research Laboratory

BS
Physics
Rome Air Development Center

BS
Biochemistry
Prank J. Seiler Research Lab.




Michael Costarella
Wright State Univ.
Dept. of Computer Sci.
Dayton, OH 45435
(513) 879-2491

Duane Daddis
Buffalo, Univ. of
PO Box 554
Buffalo, NY 14209
(716) 884-1993

Brian Davis

Meharry Medical College
1005 D.B. Todd Blvd.
Nashville, TN 37212
(615) 297-2763

Vincent Dimiceli

Texas A&M Univ.

407 A Tauber St.

College Station, TX 77840
(409) 846-5874

Judy Dye

Alabama, Univ. of
Box 870350
Tuscaloosa, AL 35487
(205) 348-1970

Nancy Faulkner
Central State Univ.
110 Jenkins Tech. Bldg.
Wilberforce, OH 45384
(513) 376-6435

Dagmar Fertl

Texas A&M Univ.

Wildlife & Fisheries Sci.
College Station, TX 77843

[ANOY QAE 10
\*:O:// 845-1251

Michael Findler
Arizona State Univ.
Dept. of Computer Sci.
Tempe, AZ 85287
(602) 965-3190

Degree:

Specialt:
Assigned:

<
oo

Degree:
Specialty:
Assigned:

BS
Computer Science
Avionics Laboratory

BS
Mechanical Engineering
Aero Propulsion Laboratory

BS
Biology
School of Aerospace Medicine

MS

Applied Mathematics

Harry G. Armstrong Aerospace
Medical Research Laboratory

MS

Applied Mathematics

Arnold Engineering Development
Center

BS
Manufacturing Eng,.
Flight Dynamics Laboratory

BS
Biology
School of Aerospace Medicine

MS
Computer Science
Avionics Laboratory




Patrick Fitzpatrick

Texas A&M Univ.

Heaton Hall

College Station, TX 77843
(409) 845-1003

Lawrence Fleischer

Texas A&M University
347 Zachry Eng. Center
College Station, TX 77843
(409) 845-5531

Bryan Foos

Ohio State Univ.
2070 Neil Ave.
Columbus, OH 43201
(614) 292-2771

Robert Gabruk
Virginia Poly. Instit.
400 A Houston St.
Blacksburg, VA 24061
(703) 552-3434

Ellen Goldey
Miami Univ.

Dept. of Zoology
Ozxford, OH 45056
(513) 529-3184

Charles Gray
Wright State Univ.
Dept. of Chemistry
Dayton, OH 45435
(513) 873-2855

Stuart Harbert
Texas A&M Univ.,
2500 A Tabor Rd.
Bryan, TX 77803
(409) 845-1251

David Harper

Bowling Green State Univ,
Dept. of Psychology
Bowling Green, OH 43402
(419) 372-2301

" BS .

Meteorology
Geophysics Laboratory

MS

Industrial Engineering

Harry G. Armstrong Aerospace
Medical Research Laboratory

BS
Civil Engineering
Flight Dynamics Laboratory

BS
Mechanical Engineering
Aero Propulsion Laboratory

MS

Zoology

Harry G. Armstrong Aerospace
Medical Research Laboratory

BS
Chemistry
Materials Laboratory

MS
Mechanical Engineering
Weapons Laboratory

BS

Psychology

Harry G. Armstrong Aerospace
Medical Research Laboratory




Bradley Herman
Tennessee Tech. Univ.
201 West 13th Apt. 2
Cookeville, TN 38501
(€15) 528-5032

Randall Hodgson
Alabama-Huntsville, Univ. of
4402-A Myrtlewood Cir.
Huntsville, AL 35816

(205) 895-6276

Dean Hofmann
Dayton, Univ. of
Dept. of Materials and
Chemical Engineering
Dayton, OH 45469
(513) 229-2627

Deborah Hollenbach
Ohio State Univ.

1803 Gerrard Ave.
Columbus, OH 43212
(614) 481-0986

Alice Horton

Northern Colorado, Univ. of
2725-20th St. #1

Greeley, CO 80631

(303) 351-8344

Genevieve Huston
Chio Univ.

9 S. Congress St.
Athens, OH 45701
(614) 594-7315

Matthew Jacobson-Carroll
Boston College
Devhn Hall Rm. 209

abens I ALS nod
Chestnut u.u.x, MA 0218

(617) 552-3640

ry
s

Neal Jahren
Minnesota-Duluth, Univ. of
371 Marshall W. Alworth Hall
Duluth, MN 55812

(212) 726-8568

egree:;
Specialty:
Assigned:

Specialty:
Assigned: ed

Legree.
Specialty:
Asgigned:

Degree:

Specialty:
Assigned:

BS
Electrical Engineering
Electronic Systems Division

BS
Applied Physics
Armament Laboratory

BS
Chemical Engineering
Materials Laboratory

MS

Biology

Harry G. Armstrong Aerospace
Medical Research Laboratory

BS

Mathematics

Human Resources Laboratory:
Manpower & Personnel Division

BS
Electrical Engineering
Flight Dynamics Laboratory

BS
Geology
Geophysics Laboratory

B3
Philosophy
Materials Laboratory




William Jefferson Degree: BS

South Carolina, Univ. of Specialty:  Biology

Marine Science Program Asggigned:  Occupational and Environmental
Columbia, SC 29208 Health Laboratory

(803) 777-3943

Terrance Jorden Degree: BS

Meharry Medical College Specialty:  Biology

944 21st Ave. N. #515 Asgigned: =~ Wilford Hall Medical Center
Nashville, TN 37208

(615) 321-5657

George Kim Degree: BS

Trinity Univ. Specialty:  Biology

715 Stadium Dr. Assigned:  School of Aerospace Medicine
San Antonio, TX 78284

(512) 736-7231

Christopher Kocher Degree: BS

Southern Hlinois Univ. Specialty:  Engineering

Carbondale, IL 62901 Assigned:  Astronautics Laboratory
(618) 536-7525

John Lafferty Degree: BS

Miami, Univ. of Specialty: = Mathematics

Dept. of Chemistry Asm ed:  Wilford Hall Medical Center
Coral Gables, FL

(305) 284-5842

David Lapioli Degree: BS

Penn State Univ. Specialty:  Aerospace Engineering

51A Hammond Bldg. Asgigned:  Astronautics Laboratory
University Park, PA 16802

(814) 865-0396

Teresa Lee Degree: BS

Western Illinois Univ, Specialty:  Western Literature

Dept. of Sociology Assigned:  School of Aerospace Medicine
Macomb, IL 61455

(309) 298-1056

Patricia Liu Degree: BS

California, Univ, of Specialty:  Materials Engineering

2404 Cedar St. Asgigned:  Astronautics Laboratory

Berkeley, CA 94708
(415) 644-8394




Jon Longtin . Degree: BS

Cincinnati, University of Specialty:  Mechanical Engineering
Mechanical Eng. Dept. Assigned:  Aero Propulsion Laboratory
Cincinnati, OH 45238

(513) 451-4136

Lester Lynd Degree: BS

Vanderbilt Univ. Specialty:  Electrical Engineering

612 Watts Circle Assigned:  Arnold Engineering Development
Nashville, TN 37209 Center

(615) 356-3632

Diana Major Degree: MS

Southwestern Louisiana, Specialty:  Physics

University of Assigned:  Avionics Laboratory
PO Box 70504

Lafayette, LA 70504
(318) 231-6702

Randal Mandock Degree: MS
Georgia Instit. of Tech. Specialty:  Atmospheric Science
PO Box 37122 Assigmed: =~ Rome Air Development Center

Atlanta, GA 30332
(404) 894-3503

Toby Martin Degree: BS

Illinois, Univ. of Specialty:  Aerospace Engineering
1010 W. Illinois St. Asgigned: =~ Weapons Laboratory
URH 126 TW

Urbana, IL 61801
(217) 332-4006

Timothy Mavor Degree: BS
Worcester Poly. Instit. Specialty:  Mathematics
100 Institute Rd. Assigned: =~ Rome Air Development Center

Worcester, MA 01609
(508) 831-5730

Walter McCarter Degree: MS
North Carolina State Univ. Specialty:  Physics
2501 Kiloore Ave, Aagigned: Weanong Lahoratory

Raleigh, NC 27607
(919) 755-1541




Stephen McClain
Cornell Univ,
Phillips Hall
Ithaca, NY 14853
(607) 255-1445

John McCord
Murray State Univ.
Dept. of Chemistry
Murray, KY 42071
(502) 762-4490

Paula Mellon

New York University
Washington Square East
New York, NY 10003
(212) 998-4730

Douglas Melton

Ohio State Univ.

205 Dreese Lab
Columbus, OH 43210
(614) 292-2906

Cynthia Moorhead

Texas A&M Univ.

1907 Dartmouth #206
College Station, TX 77843
(409) 845-3381

Lisa Newberg

Eastern Washington Univ.
Mathematics Dept.
Cheney, WA 99004

(509) 458-6200

William Newbold
Florida, Univ. of

231 Aerospace Bldg.
Gainesville, FL, 32611
(904) 392-0961

Randy Nguyen

San Jose State University
San Jose, CA 95117
(408) 244-9743

Specialty:
Agsigned:

MS
Physics
Frank J. Seiler Research Lab.

BS
Chemical Engineering
Aero Propulsion Laboratory

PhD
Psychology
Wilford Hall Medical Center

MS
Electrical Engineering
Avionics Laboratory

BS
Economics
School of Aerospace Medicine

BS

Mathematics

Occupational and Environmental
Health Laboratory

BS
Aerospace Engineering
Armament Laboratory

BS
Mechanicsl Engineering
Astronautics Laboratory




Mary Nickels

New Mexico, Univ. of
Clark Hall

Albuquerque, NM 87131
(505) 277-6655

William Patience
Ohio Univ.

21 1/2 S. Court St.
Athens, OH 45701
(614) 594-2468

Douglas Pederson

Oregon Instit. of Tech.
Electronics Dept.

Klamath Falls, OR 97601
(503) 882-6321

Hao Pham

California State Univ.
1250 Bellflower Blvd.
Long Beach, CA 90840
(213) 985-1524 .

Betty FPipes

Middle Tennessee State Univ.

Computer Science Dept.
Murfreesboro, TN 37132
(615) 898-2397

Laura Pytel

Ohio University
428 Sargent Hall
Athens, OH 45701
(614) 597-5663

George Ramlow

Oregon Instit. of Tech.
PO Box 2297

Klamath Falis, OR 97601
(503) 882-6524

Lionel Ramos

Texas-San Antonio, Univ. of
Div. of Engineering

San Antonio, TX

(512) 691-5518

BS
Chemistry
Weapons Laboratory

BS
Electrical Engineering
Rome Air Development Center

BS
Electrical Engineering
Electronic Systems Division

BS
Mechanical Engineering
Frank J. Seiler Research Lab.

BS

Mathematics

Arnold Engineering Development
Center

BS

Mechanical Engineering

Harry G. Armstrong Aerospace
Medical Research Laboratory

BS
Electrical Engineering
Electronic Systems Division

BS
Electrical Engineering
School of Aerospace Medicine




Rex Ramsier Degree: BS

Akron, Univ. of Specialty:  Physics
Dept. of Physics Asgsigned: = Materials Labcratory

Akron, OH 44325
(216) 875-6054

Joseph Rea Degree: BS
Texas-San Antonio, Univ. of Specialty Electrical Engineering

lZTI.‘i

Dept. of Electrical Eng. Assigned
San Antonio, TX 78285
(512) 691-4011

School of Aerospace Medicine

Ernest Rho Degree: BS
Illinois Instit. of Tech. Specialty:  Electrical Engineering
3300 S. Federal Asmg_r_l_ed Rome Air Development Center

Chicago, II. 60616
(312) 567-3400

James Sago Degree: BS
Missouri-Rolla, Univ. of Specialty: Metal. Engineering
B-19 McNutt Hall Assigned: =~ Materials Laboratory

Rolla, MO 65401
(314) 341-6461

John Salinas Degree: MS
Meharry Medical College Specialty:  Biochemistry
1005 D.B. Todd Blvd. Assgigned: Wilford Hall Medical Center

Nashville, TN 37208
(615) 327-6204

David Sanborn Degree: MS
Lowell, Univ, of Specialty:  Electrical Engineering
Box 2559N Assgigned: Geophysics Laboratory

Lowell, MA 01854
(508) 452-5000

Sonja Schillmoeller Degree: BS
Illinois Univ. of Specialty:  Aero. Engineering
Urbana, IL 61801 Assigned:  Astronautics Laboratory

(217) 328-6638

Royce Simpson Degree: BS

Alabama, Univ. of Specialty:  Psychology

Box 870348 Asgigned: ed Human Resources Laboratory:
Tuscaloosa, AL 35487 Operations Training Division

(205) 348-1934




Jaunet Slifka Degree: MS

Dayton, Univ, of Specialty:  Electrical Engineering
3G0 College Park Ave. Assigned:  Harry G, Armstrong Aerospace

Dayton, OH 45469
(513) 229-3611

Richard Souder
Vanderbilt Univ.

612 Watts Circle
Nashville, TN 37209
(615) 356-3632

Richard Swift
Notre Dame, Univ. of

Dept. of Aero. and Mech. Eng.

Notre Dame, IN 46556
(219) 239-7666

Lynda Tomlinson
Syracuse Univ.

111 Link Hall
Syracuse, NY 13244
(315) 443-4415

George Tompkins
Kansas State Univ.
M-27 Jardine Terrace
Manhattan, KS 66502
(913) 776-5691

Mona Toms

Wright State Univ.
Applied Behavior Sci.
Dayton, OH 45435
(513) 873-2310

Robert Tramel
Tennessee Space Instit.
Dept. of Mathematics
Tullahoma, TN 37388
(615) 455-0631

Scott VanDam

Central Florida, Univ. of
PO Box 2500

Orlando, FL. 32816
(407) 275-2416

Medical Research Laboratory

BS

Electrical Engineering

Arnold Engineering Development
Center

BS
Aeronautical Engineering
Flight Dynamics Laboratory

MS
Electrical Engineering
Rome Air Development Center

BS
Industrial Engineering
Materials Laboratory

BS

Psychology

Human Resources Laboratory:
Logistics & Human Factors

BS

Physics

Arnold Engineering Development
Center

MS
Electrical Engineering
Aero Propulsion Laboratory




Ronald VanEtten
Illinois State Univ.
Normal, IL 61761
(309) 452-6529

John Wagnon
Oklahoma State Univ.
2001 N. Perkins #M135
Stillwater, OK 74075
(405) 743-3750

Gleun Waguespack
Louisana State Univ.
736 Dentation Dr.
Baton Rouge, LA 70808
(504) 766-1271

Matthew Westerheide

Missouri-Rolla, Univ. of

Thomas Jeflerson Hall
Room 729

Rolla, MO 63138

(314) 341-5740

John Williamson
Texas A&M Univ.
Dept. of Psychology

College Station, TX 77843

(409) 845-2581

Raymond Wolfe
Scranton, Univ. of
423 Madison Ave.
Scranton, PA 18510
(717) 342-3402

Jon Zern

Florida, Univ. of

Box J-125

Gainesville, FL 32610
(904) 392-2381

Joseph Ziegler
Florida, Univ. of
Dept. of Civil Eng.
Gainesville,FL, 32611
(904) 392-3261

xiv

BS

Education

Human Resources Laboratory:
Manpower & Personnel Division

BS
Electrical Engineering
Rome Air Development Center

BS
Mechanical Engineering
Armament Laboratory

BS
Electrical Engineering
Astronautics Laboratory

BS

Psychology

Human Resources Laboratory:
Training Systems

BS
Biology
School of Aerospace Medicine

BS
Biology
Engineering Services Center

BS
Civil Engineering
Engineering Services Center
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C. PARTICIPANT LABORATORY ASSIGNMENT (Page 1)
1989 USAF/UES GRADUATE STUDENT RESEARCH PROGRAM

AERO PROPULSION LABORATORY (WRDC/APL)

(Wright-Patterson Air Force Base)
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Research Into Semen Analysis as a Sensitive
Indicator of Neurotoxicity
by

R.M. Barbaro and J.R. Cooper

ABSTRACT

Air Force, Navy, and Marine Corps personnel are routinely exposed to a variety of
potentially neurotoxic substances. The sooner adverse consequences resulting from
exposure to these agents are detected, the sooner measures can be taken to prevent
irreparable damage. The purpose of this study was to determine if analysis of semen can
be used to indicate neurological damage caused by exposure to volatile chemicals. Three
projects were initiated to prepare for this investigation. First, ceramic glass reservoir
systems were iabricated using high density (2.628 + 0.046 g/cm3) ALCAP ceramics.
This systein provided for the slow release of the test chemical, 1,1,1-trichloroethane in
the animal. Second, a system to detect 1,1,1-TCE using a GC-FID rather than a GC-ECD
was investigated. Finally, the computerized semen analyser was set up and a familiarity

with the system was gained.
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. INTRODUCTION

Naval, Air Force, Marine Corps and other military personnel are exposed to a variety of
chemical agents during their duties. These chemicals could possibly produce
neurological effects and thus reduce health and impair performance. A simple method to
screen potential toxicants is needed to reduce these risks. During this research period
we wanted to determine whether semen analysis could be used as a sensitive indicator of

neurotoxicity.

Recent interest in the study of infertility has lead to a much greater understanding of
gamete function and its relation to the central nervous system. This interaction occurs
primarily through the gonadotropic hormones LH and FSH. LH stimulates the Leydig
cells of the testis to produce testosterone which is needed for growth and development of
accessory sex organs. FSH targets sertoli cells where the differentiation of sperm
occurs. This system is regulated by a negative feedback mechanism associated with the
hypothalamus. It is therefore possible that agents which affect the central nervous
system may indirectly produce effects on sperm production by altering gonadotropic

hormone leveis (7, 11).

Sperm development is a highly complex process. Environmental agents are capable of
altering this process and resulting in the production of damaged or abnormal sperm.
Sperm development is normally protected from xenobiotic agents in the blood by a
biological barrier known as the blood-testis barrier. This barrier is similar in

function to the blood-brain barrier. Both barriers function in a simifar fashion by
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screening chemicals according to molecular size, polarity, and lipid solubility. Due to
the similarity between the barriers, it is hypothesized that agents capable of crossing
the blood-testis barrier and affect sperm production may also be able to cross the blood-
brain barrier and affect the functioning of the central nervous system. A reproductive
toxicant may therefore affect sperm production either indirectly by altering neurologic
functioning and subsequently blood endocrine levels or directly by influencing testicular
function. Either effect may give an indication of the potential for the agent to cross the

blood-brain barrier (7, 11).

Computerized videomicrography has been used to detect and quantify various sperm
parameters including concentration, motility, and morphology. This method of computer
assisted semen analysis provides for a faster and more accurate assessment of semen
quality than can be obtained by subjective visual assessment. The effect of toxic agents
on the sperm can be determined by noting the concentration, percent motility, and
swimming speed of sperm in the sample. The most sensitive indicators being sperm

motility and velocity (15).

1,1,1-Trichloroethane (1,1,1-TCE), a volatile chlorinated hydrocarbon, is an organic
solvent widely used as a degreasing agent which can also be found in commercial aerosol
and adhesive products (12). It is a non-flammable, colorless liquid with a boiling point
of 74 oC and has shown to be a central nervous system depressant (3,4,9,10,12).
Absorption through the skin or inhalation of 1,1,1-TCE may cause dizziness,

uncoordination, and eventual death due to respiratory failure (12).
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In the past, exposure studies involving volatile hydrocarbons such as 1,1,1-TCE had to
be conducted utilizing inhalation, intraperitoneal injection, or oral dosage methods of
administration making continuous low level exposures to these agents difficult. Recently
an implantable ceramic glass reservoir system has been designed to deliver volaiile

chemicals at sustained rates (4,5,6).

The ceramic glass reservoir system (CGRS) consists of a 1 cm x 4 cm cylindrical glass
reservoir attached at one end to a porous alumino-calcium-phosphorous oxide (ALCAP)
ceramic capsule and sealed at the other end with a rubber septum. This system allows
for a sustained release of the volatile chemical from the reservoir through the ALCAP
ceramic to the subcutaneous tissue of the animal for several hours or days. To date,
ALCAP ceramics have been used to deliver enzymes, dyes, phenolics, polypeptides,

proteins and steroids in a sustained manner both in vitrg and in vivo (1,2,13).

The CGRS has been found to be biocompsiable and causes minimal trauma and no
restriction to the normal activity of the animal (4,5). This controlled release device
eliminates the pulsatile delivery of the substance associated with the injection route and
allows for attainment of steady blood concentrations which are difficult to achieve with
other methods of 1,1,1-TCE administration including inhalation exposure. This means
that higher blood levels of 1,1,1-TCE can be achieved using lower amounts of the

chemical (4,5,8).
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[I. Objectives of the Research Effort

The purpose of this study was to set up a system that could determine whether semen
analysis could be used to indicate neurological damage caused by exposure to volatile
chemicals. Although behavioral, hematologic, and pathologic methods have been
developed to indicate neurotoxicity, semen analysis could possibly provide an earlier and

more sensitive indication of tissue damage.

Work under the 1989 Graduate Student Research Program required me to set up and
evaluate various aspects of the project. One task involved fabrication of the ceramic
glass reservoir systems. This task also involved characterization of the system and

preliminary studies both in yitro and jn vivo with the éGRS.

A second task dealt with detection of the 1,1,1-TCE in the blood. Usually a gas
chromatograph fitted with an electron capture detector is used for this purpose, but the
only GC available for our use was equipped with a flame ionization detector. Thus, a

system had to be designed to identify 1,1,1-TCE using the GC-FID.

Finally, the semen analyzer had to be assembled and validated. The CellSoft (CRYO
Resources, Ltd., New York) computerized semen analyzer consists of several parts
including an Olympus microscope equipped with a “"Fryer" (Fryer Co. Inc.,

Carpentersville, IL) stage warmer, a NEC computer with Epson LX-800 printer, and
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Panasonic Omnivision VHS and TV monitors. After assembly of these parts work on

understanding and implementing the CellSoft program proceeded.

{lI. The Ceramic Glass Reservoir System

The ceramic glass reservoir system was designed by Hollenbach and Bajpai to provide a
delivery system for volatile materials that is easy to use and does not hinder the normal
activity of the test animal (4,5). The CGRS they developed consists of a glass reservoir
attached to a porous ALCAP ceramic. These biocompatable systems can be implanted
subcutaneously in the animal and then injected with the volatile material. A sustained
rate of release of the chgmical lasts for a period of days and, when empty, the reservoir

may be refilled with another injection.

Alumino-calcium-phosphorous oxide (ALCAP) ceramics were fabricated by mixing
aluminum oxide, calcium oxide, and phosphorous pentoxide (50:34:16 by weight). This
mixture was then calcined in a high temperature furnace (Thermolyne, Inc., Deubuque,
IA) at 1350 0C for 12 hours. It was then ground in a jar mill and sized with a 400 mesh
screen (Fisher Scientific Co.), so particles less than 38 microns in diameter were
collected. The cylindrical shape of the capsule was made by compressing 1 gram of
ALCAP mixed with 0.025 grams polyvinyl alcohol in a 5/16" die set with a French Cell
Press (American Instruments Co., Silver Spring, MD). These "green-shape" capsules
were then sintered at 1450 oC for 36 hours to increase mechanical strength. Wheaton

autosampler vials (2 ml) were modified by the University of Dayton Glassblowing
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Laboratory by attaching a 1 cm x 4 mm glass tube with an opening of 1 mm to one end.
The 1 mm opening was used since Hollenbach had found that rate of release of the 1,1,1-
TCE from the CGRS was constant up to a 2 mm opening, beyond which the release was
much faster (4). The other end of the vial was closed with a crimp top fitted with a
rubber and teflon septum. These reservoirs were then sealed to the ALCAP capsules with

Silastic Medical Adhesive, Silicone Type A (Dow Corning).

High density ceramics with thicker walls were fabricated in an attempt to decrease the
rate of release of the volatile material. A preliminary study was conducted to determine
what effects density may have on the rate of release of 1,1,1-TCE from the CGRS.
Capsules of low, medium, and high densities (1.8563 + 0.037, 2.073 % 0.038, and
2.144 + 0.02 g/cm3 respectively) were fabricated and sealed to the glass reservoirs.
These were then placed in vials containing 15 mls each of CSy and injected with 1 ml of
high purity 1,1,1-trichloroethane (99.9% pure Aldrich Chemical Co., Milwaukee, WI).
It was noted that the high density ceramic markedly decreased the release rate of 1,1,1-
TCE. Slow release rate could possibly be due to the solvent that the 1,1,1-TCE was being
released into and therefore may not be an accurate representation of delivery in vivo.

The high density ceramic was chosen to be used in an jn vivo study to determine its rate

of release in the live animal.

IV. Blood Chemistry

Gas chromatography provides a means of separating complex mixtures into their
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component parts. The volatilized material is injected into a column holding the
stationary phase. Each component of the mixture is retained by the stationary phase for
a finite period of time depending on its particular physical properties such as molecular
weight and electrical charge. The retention times act as a fingerprint of the substance.
This process can be used to identify and calculate concetitrations of a desired component.
In this study gas chromatography was employed to measure the concentration of 1,1,1-

TCE in the blond of the experimental animal.

A GC-ECD is normally used to detect 1,1,1-TCE because it is specific for halogenated
compounds. Unfortunately, the only GC available for use at the time of the study was
equipped with a flame ionization detector (FID). The FID was incapable of detecting
1,1,1-TCE when the traditional hexane solvent was employed, so studies are currently
in progress to identify a solvent system which will enable the quantification of 1,1,1-

TCE utilizing the FID system.

V. Semen Analysis

The CellSoft (CRYO Resources, Ltd., New York) automated semen analyzer is able to
track and record sperm motion parameters so that assessments of the semen quantity and
quality can be made. CellSoft distinguishes sperm cells from backround on the basis of
size, motion, and luminosity, or illumimation of the sperm head. Once the
diiferentiation has been made, measurements such as percent motility, concentration,

curvilinear velocity, linearity, amplitude of lateral head displacement (ALH), and
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beat/cross frequency can be made. From these data an analysis of semen quality can be

determined.

Prior to analyzing sampled sperm, critical measurement parameters must be
established. They were: the number of frames to analyze = 20; number of frames/sec
= 30; minimum sample for velocity = 3 frames; minimum sample for motility = 2
frames; maximum velocity = 300 um/sec; threshold velocity = 20 um/sec; cell size

range from 20-125 pixels; pixel scale

3.4 um/pixel; minimum velocity for ALH =

20 um/sec; minimum linearity for ALH

3.5; minimum velocity for circular motion =
20 um/sec; and maximum radius for circular motion = 80 um. Considerable time was

then spent on becoming familiar with the system.

At the end of the 10 week period a preliminary in vivo study was initiated by implanting
six male rats with a CGRS. Each rat was anesthetized with an intraperitoneal injection
of a mixture of 70 mg/kg Ketamine and 6 mg/kg xylazine then an area of skin on the
back was shaved and disinfected. A centimeter incision was made in the skin and the
CGRS was implanted subcutaneously. The incision was then closed with silk sutures and

the animals were allowed to heal for cne week hefore dosing.

After 1 week, each animal was injected with 1 ml of 1,1,1-TCE by inserting a
hypodermic needle through the skin and rubber septum of the CGRS. The capsules of the
CGRS had a density of 2.628 + 0.046 g/cm3 and were expected to deliver the 1,1,1-TCE

at a sustained rate for 3 days before the reservoir we ty.
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Vi. Recommendations

a. High density ALCAP ceramics were used in the ceramic glass reservoir system to
obtain a slower release of 1,1,1-TCE. The size of the capsule can be increased by using
more ALCAP powder (1.25 g) or larger dies. This will facilitate exchange by increasing
the surface area of the ceramic. The glass reservoirs can accommodate approximately

1.5 ml of 1,1,1-TCE, and for greater amounts double implants could be employed.

b. Further work on the GC-FID is required to find suitable methodology for detecting

1,1,1-TCE. Investigation of CS» as a suitable solvent for 1,1,1-TCE should continue to

determine if this solvent is capable of extracting 1,1,1-TCE from the blood at levels that
are detectable with the GC-FID. Availabitity of a GC-ECD could eliminate this work since
standard procedures for detecting 1,1,1-TCE using this instrumentation have already

been determined.

c. The preliminary animal study should continue in order to verify that the CGRS is

working effectively in vivg and to determine the ability of the semen analysis system to

detect detremental effects to the animals' semen.
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Metabolism of 2-Methylheptane in Fischer 344 Rats
by
J. Matthew Clemens
ABSTRA
Fischer 344 Rats were intragastrically dosed with 2-methylheptane and the 48 hour
urines collected. The urines were enzymes processed and then used for Gas
Chromatographic (GC) metabolite analysis. Possible urine/metabolites were either
purchased or synthesized in the lab. Urinary metabolite peaks were observed by
comparing the GC tractings of dosed rats to those of control rats. The observed metabolite
peaks were identified by matching their retention times to the retention times of metabolite
standards with known structures. If the retention times were very similar, a small sample
of urine was spiked with the standard to see if peak area grew. Four metabolites were
identified in this manner. These metabolites were: 2-methyl-1-heptanol, 6-methyl-3-

haptanol, 6-methyl-1,2-heptanediol, and 2-methyl-1,2-heptanediol.
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I. INTROD ION

The Toxic Hazards Division of the Armstrong Aerospace Medical Research
Laboratory at Wright-Patterson Air Force Base is responsible for evaluating the health
hazards of chemicals that personnel handle or come in contact with. The pharmacological
properties and pathways of metabolism are investigated, and from this information,
tolerance levels of exposure are established. |

The U.S. Air Force daily uses large quantities of hydrocarbons. The various uses
of these hydrocarbons range from jet fuels to hydrocarbon based solvents. There exists the

opportunity for Air Force personnel to be exposed to potentially large quantities of these

vapors. It would be very beneficial to know the toxic effects resulting from exposure to
these vapors.

During the early 1980's it was observed that unleaded gasoline caused renal damage
in exposed rats. Further studies indicated that the nephrotoxic activity of unleaded gasoline
occurred predominately from the fractions containing saturated, branched-chain aliphatic
compounds (1). This finding iniiiated numerous studies of the component hydrocarbons in
unleaded gasoline. Most of the exposure studies performed have been either long-term
inhalation exposures or short-term oral dosings.

Several dimethyl and trimethyl octane isomers in gasoline have been found to be
highly nephrotoxic. During short-term oral dosings, these compounds induced structural
and functional changes in the kidneys of exposed male rats. Indications of renal damage
were demonstrated by increased hyaline droplet formation and necrosis of the proximal
tubular epithelium -p(2).

My research interests lie in the area of determining how structural differences such

as chain branching affect the metabolism and toxicity of isomeric hydrocarbons. Previous
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experience in characterizing urinary metabolites of cyclic hydrocarbons using gas

chromatography contributed to my assignment to the Toxic Hazards Division of AAMRL.

. OBJECTIVES OF THE RESEARCH EFFORT:

Unbranched hydrocarbons such as n-octane do not induce nephrotoxicity.
However, it has been demonstrated that branched chain hydrocarbons containing 8-12
carbons can ilicit a nephrotoxic effect in male rats. Currently, there are no reports
indicating how the structure of alkane chain influences the nephrotoxicity of the
hydrocarbon. It is hoped that by examining isomeric hydrocarbons, a relationship between
branching structure and nephrotoxic effect can be developed.

The coal of this research is to document the degree of nephrotoxicity induced by an
octane isomer containing a methyl group in the 2 or 3 position. 2-Methylheptane contains
one branched methyl group in the middle of the molecule. The observed renal damage
induced by 2-methylheptane will help determine if this mono-methyl branched octane
isomer is as nephrotoxic as dimethy! or trimethyl octane isomers. An additional goal of this

research is to determine which metabolites of 2-methylheptane are responsible for any

kidney toxicity observed.
I11.
a. Twelve male Fischer 344 rats were allocated to two exposure groups. The first

group consisting of four rats was designated as a control group. This contro! group was
intragastrically dosed with 1 ml/kg body weight of distilled water on alternating days. The
remaining eight rats were orally dosed in a similar manner with 1 mi/kg body weight of neat
2-methylheptane. Following initial dosing, the rats were placed in metabolite cages for 38

hour urine collection, after which they were placed in plastic cages. The rats were weighed

76-5




daily. Water and feed were available ad libitum. For the remainder of the two week study,
the rats were dosed on alternating days. On the final day of the study, the rats were fasted
to facilitate pathologic observation. At the end of the 14-day dosing period, the rats were
sacrificed by halothane overdose. The kidneys were harvested with one being preserved in
10% buffered formalin solution for histopathologic evaluation and the other homogenized
to look for 2-methylheptane metabolites.

The collected 48 hour urines were isolated and treated according to the extraction
technique of Yu (3). Equal volume aliquots from each urine sample were adjusted to a pH

of 4.0. A 0.5 ml volume of glucuondase/sulfatse (calbiochem) was added to each aliquot

and then incubated with shaking at 370C for 24 hours. Following incubation, the urine
samples were cooled to room temperature and then filtered separately through Clin-Elut
tubes (Analytichen International) using methylene chloride as an eluent. The sample
volumes were reduced to about 1 ml in preinaration for gas chromatographic (GC) analysis.

A Hewlett-Packard 5880 gas chromatograph equipped with a flame ionization
detector was used for metabolite analysis. A 30 m x .25 mm L.D. Carbowax 20 M fused
silica capillary column was used. Urine samples from both the control and dosed groups
were gas chromatographed.

Comparison of the GC tracings from both groups indicated new peaks at the

following retention times: 5.55, 7.63, 14.36, 16.00, 17.68, 18.30, 20.21 minutes.
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These potential metabolites were purchased from Wiley Organics:
2-methyl-1-heptanol
2-methyl-2-heptanol
2-methyl-3-heptanol
2-methyl-4-heptanol
6-methyl-3-heptanol
6-methyl-2-heptanol

The following potential metabolites were synthesized using referenced procedures.

2-Methylheptanoic acid was synthesized by the oxidation of 2-methyl-1-heptanol
using CrO3 and H2S04 (4).

Five diols, 6-methyl-3,4-heptanediol, 6-methyl-2,3-heptanediol, 6-methyl-1,2-
heptanediol, 2-methyl-1,2-heptanediol, and 2-methyl-3,4-heptanediol, were synthesized
from the corresponding alkenes using 0sO4 as a catalyst (5).

6-Methylheptanoic acid was synthesized utilizing a two-step procedure. 5-Methyl-1
bromohexane underwent a substitution reaction with sodium cyanide to form the nitrile (6).
The nitrile was then hydrolyzed to the corresponding acid using HCI (7). 6-Methyl-1-
heptanol was obtained from the reduction of 6-Methylheptonoic acid by lithium aluminum
hydride (8).

b. The purchased compounds and two synthesized diols, 6-methyl-1,2-heptanediol
and 2-methyl-1,2-heptanediol, were analyzed by gas chromatography. The retention times
were noted and compared to the metabolite peaks in the GC tracings of the dosed animal

urine samples. Because the retention times did not correspond to any peaks in the GC
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tracings, the following compounds are definitely not present as urinary metabolites of 2-
methylheptane:

2-methyl-2-heptanol

2-methyl-3-heptanol

2-methyl-4-heptanol

6-methyl-2-heptanol

Several compounds were tentatively identified by spiking wire samples and
observing peak growth in the GC tracings. These compounds and their retnetion times are:
2-methyl-1-heptanol 7.95 min.
6-methyl-3-heptanol 5.56 min.
6-methyl-1,2-heptanediol 20.27 min.
2-methyl-1,2-heptanediol 18.33 min.

Confirmatory testing by mass spectrometry is still pending.

IV. RECOMMENDATIONS:

Identification of metabolites in the kidney homogenates has not been performed.
The method used for gas chromatographic analysis tends to cause excessive accumulation
of non-mobile compounds at the column head. This unfortunate occurrence requires
repeated cleaning of the chromatographic column which is a very slow process.
Completion of this procedure could reveal which metabolites are responsible for the
observed renal damage.

1
Inalongtc

gq
e

chain branching structure affects metabolism and nephrotoxicity of homologous

compounds.
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by
Lawrence Blair Fleischer
ABSTRACT

A study was designed to test the effects of Transport Delay on pilots who train using
simulators. A high performance aircraft simulator was created. A side-step landing
task, first used by Calspan Corp. to study of Transport Delay, was programmed into the
simulation and used as the primary task. A scoring algorithm provided a performance
measure as well as a means to give simulator users feedback to improve aircraft control.
The purpose of this pilot study was to determine whether the information displayed from
the scoring algorithm provided adequate feedback to ailow participants to improve their
score in subsequent trials.

There was a general improvement in scores as the test participants became
accustomed to the simulator, however the improvement was not as large as expected due
to the lack of qualitative feedback given with the performance scores. To improve
feedback to participants, it was recommended graphic displays of the ground track and

glide slope be provided in addition to the numeric overall score originally presented.
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I. INTRODUCTION:

The use of high technology simulators has become an important tool in the training
of pilots. These simulators are able to present aircraft controls and systems in a
manner consistent with actual aircraft. To make the operating environment realistic, it
is always desirable to use as many environmental details as possible. It is not
surprising to find that the greater the amount of information presented in the visual
scene, the better the display (Barnes,1978). Unfortunately, utilization of detailed
displays causes significant computational problems for even the most sophisticated
computer, resulting in a "sluggish" response of simulator controls. This "sluggish"
response is known as time delay or Transport Delay. Using fewer details, such as
rocks, trees, grass, and shades of color, reduce computational problems and do not
necessarily compromise the utility of simulators. Use of geometrically modeled cues
such as relative size, assumed size, height in the field, intersecting stripes, texture and
linear perspective provide simulator users with appropriate and adequate perspective
(Nelson and Richie, 1976). Stenger, Zimmerlin, Thomas and Braunstein (1981), note
that shadows also play an important role in visual feedback for depth and motion.

A study was designed to test the effects on pilots who train using simulators that
exhibit various degrees of Transport Delay. A high performance aircraft simulator made
up of a Microvax 2 and 2 Silicon Graphics Iris 3120's was used. A side-step landing
task, first used by Calspan Corp. (Knotts, 1986) to study of Transport Delay, was
programmed into the simulation and used as the primary task. A scoring algorithm based
on optimal ground track, aircraft speed and glide slope, provided a performance measure
as well as a means to give simulator users feedback to improve aircraft control. The
purpose of this pilot study was to determine whether the information displayed from the

scoring algorithm provided adequate feedback to the simulator user, for improvement of
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their score in subsequent trials.

My experience and training in the field of human factors and computer
programming made me a logical choice for the summer program at AAMRLU/HE. My
studies of human-computer interface resulted in my assignment to the Transport Delay
study.

II. QRBJECTIVES OF THE RESEARCH EFFORT:

To determine if the information from the scoring algorithm and the information
displayed provided adequate feedback to the simulator user, thus allowing improvement
of their score in subsequent trials.

lll. PROCEDURE:

Figure 1 displays the simulator environment. Participants were provided a
control stick for the right hand and engine thrust controls for their left hand. The flight
was displayed on a large screen television 6X10 ft in size, projected from behind and
above the seat. In front of the seat was a color monitor simulating an instrument display
which consisted of an Altimeter, Attitude Directional Indicator (ADI), Airspeed
Indicator, Fuel Flow, Heading Indicator, and a Vertical Velocity Indicator (VVI) (Figure
2).

The simulation began with a fighter type aircraft on a landing approach 10,000 ft
from the runway (Figure 3). Participants were to land the aircraft at the 1000 ft
markers which were located just past the second set of Vertical Approach Slope Indicator
(VASI) lights. Displayed on the screen in front of the participant were two runways.
The aircrait was initiaily iined up on ihe right runway, indicated by a green “X”
displayed in front of it (which disappears after a few seconds). As the participant
continued on this approach, a red "X", the side step cue, appeared in front of the

aircraft within a 1000' window on approach to the runway, between 4000' and 5000'.
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Gauges
(Figure 2)
Simulator

Screen

Figure 1. Simulator Environment
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The participant was then required to reacquire the left runway and land at a point just
past the second set of VASI lights. Scores are presented on the large screen at the end of
each trial to provide feed back for improvement on later trials (Figure 4). The
information displayed were the means and standard deviations of the glide slope, ground
track and air speed. A composite score was shown at the bottom of the screen for overall

performance.

IV. EXPERIMENTAL DESIGN:

1. 40 Trials for pilot test.

2. 1 out of 5 approaches will be a "dummy" trial (i.e. a
straight-in landing approach)

3. Two pilots and two non-pilots were used for the pilot study.

V. BECOMMENDATIONS:

There was a general improvement in scores as the test participants became
accustomed to the simulator however, this improvement was not as large as expected due
to the lack of qualitative feedback given with the performance scores. To improve
feedback to participants, it was recommended graphic displays of the ground track and
glide slope be provided in addition to the numeric overall score originally presented.
Without this qualitative feedback there was no was to know where any problems
occurred, just that the overall score was "high" and that problems did exist. Figure 5
shows the recommended chan
The solid line, in each case, represented the optimal flight while the dashed line

represented the actual flight. Another pilot study will be run to test these new changes

and other scoring algorithm changes made following this test.

78-9




Trial #1
Glide slope 15.6 35.8
Line up 30.9 49.3

Airspeed 10.2 6.1

Score = 147.7

Figure 4. Score Output

Glide Slope
o e
- ‘-
Line Up -
==
o I v |
P ML T
oo

Figure 5. Recommended Graphics
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Pilot Study Specifications
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Flight Task Summary

- Begin flight at 10,000 ft (ground track) from ILS. A large green "X" will
indicate initial alignment with corresponding runway; the cue will disappear within a
few seconds.

- Begin scoring immediately.

.- Follow 2.5 degree glide slope, indicated by VASI, and maintain alignment with
designated runway.

- When cued with large red "X", switch to adjacent runway.

- Realign approach to adjacent runway. Continue approach until touchdown.
Scoring will end at the runway threshold; data collection will continue through

touchdown.

Initial Conditions
- Airspeed 133 knots (153 MPH) +/- 10 knots (Aerodynamic model trimmed at
25 degrees). The trial will never begin with airspeed of exactly 133 knots (optimal
airspeed of aircraft for landing).
- Angle of attack 11 degrees.
- Landing gear down, flaps and speed brakes extended haifway.
- Altitude = 480 ft above ground level.

- Side step cue will occur within a 1,000 ft window between 4,000 and 5000 ft.

Scoring Ouiput for User
1. Horizontal Error (ie. ground track/lineup) mean distance in feet and Standard

Deviation.

2. Vertical Error (ie. glide slope) mean distance in feet and Standard Deviation.
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3. Approach Speed Error (ie. airspeed) mean airspeed in miles per hour and

Standard Deviation.
Output for Statistical Analysis
Landing
1. Scoring Output for User

2. Vertical velocity at weight on wheels.

w

. Touchdown dispersion.

IS

. Attitude (roll and pitch angle).

[$)]

. Heading.

o

Position

~

. Air speed

Step Response Characteristics
1. Damping.
2. Rise time.
3. Margin of stability.

4. Natural frequency

Pilot Induced Oscillation
1. Amplitude and duration
Time to Acquire Re-Allignment
1. Horizontal deviation of +/- 1 degree.

2. Vertical deviation of +/- 5 degrees.
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Thanks for participating in this experiment. We're interested in operator
performance, using a simulated high-performance aircraft, on a side-step landing task.

At the beginning of each trial, you will be on a final approach to land, in a landing
configuration, including speed brakes, and on a 2.5 degree glide slope. Your angle of
attack (AOA) will be 11 degrees, and will be displayed on the attitude directional
indicator (ADI). Your initial altitude will be 480" above groeund level (AGL), and will be
displayed on the altimeter. Field altitude is 0 feet. Approach speed is 133 knots, and
will be displayed on the airspeed indicator. The initial air-speed is perturbed such that
you will need to make throttle adjustments in order to attain the desired approach for the
task. When a throttle adjustment is made, there will be an associated change in engine
noise and fuel flow (thrust). The fuel flow display will provide you with a measure of
the amount of thrust. There is no wind disturbance and visibility is clear. You have 700
Ibs. of fuel left and must land.’

At the beginning of each trial, a lorge green "X" will indicate the runway with
which you are currently aligned; the "X" will disappear after a few seconds. At some
point you will be prompted by a large red "X" to begin your turn to the adjacent runway.
At that time, switch to the adjacent runway and reattain the desired approach for landing.
Continue your approach though the landing procedure. The objective is to land 1,000
feet past the begirning of the runway as indicated by the 1,000 foot bars. Some trials
will be straight-in approaches and you will not have to side-step.

Ideal performance on this task will require you to maintain:

1) aglide slope of 2.5 degrees.
2) an airspeed of 133 knots indicated airspeed (KIAS), and
3) aground track path close to the optimal path that will be measured against

you.
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The first diagram shows a 2.5 degree glide slope, with touchdown at 1,000 feet
past threshold. To help you maintain this glide slope, you are provided with a visual
approach slope indicator (VASI lights). {When on the proper glide slope, the top row of
VASI lights will be red and the bottom row will be white. If you are too high, the top and
bottom rows will be white. If you are too low, both rows will be red. A simple rhyme to
help you remember this is: White over white, you're high as a kite. Red over red, your
dead. Red over white you're flying all right.] Along with the VASI, you have a vertical
velocity Indicator (VVI) to help you maintain an optimal rate of descent of 600 ft/min.
The second diagram shows the optimal ground track that we will be measuring you flight
performance against.

The scores that you will see after each trial are the means and standard deviations
of the glide slope, line-up and air speed. There will be also a composite score generated
from these same parameters.

You will have 40 trials broken into 4 sessions of 10, with short breaks

(approximately 5 minutes) between each session.
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Materna! Transfer of Hexachlorobenzene in the Rat
by
Ellen S. Goldey

ABSTRACT

The uptake, distribution, and elimination of hexachlorobenzene (HCB)
was assessed in nonpregnant, pregnant, and lactating rats, and their fetuses
and suckling pups. Three weeks prior to breeding, virgin Sprague-Dawley rats
were given a totel oral dose of HCB in corn oil of 11 mg/kg body weight over
three days. Concentrations of HCB were determined in the tissues from animals
three weeks after dosing (at breeding), on day 21 of gestation and on postnatal
(PN) days 7, 14 and 21. In all reproductive states of the dam, the fat had the
highest concentration of HCB, followed by the liver, blood, kidney and brain.
During pregnancy, the fetal blood and liver concentrations were 0.9 times the
maternal blood HCB concentration, and the fetal brain HCB concentration was
0.5 times the dam blood HCB concentration. The maternal body burden of HCB
was quickly depleted by lactational transfer of the HCB to the suckling pups as
reflected in high HCB concentrations in the milk. By PN day 7, concentrations of
HCB in dam tissues were approximately one third their initial concentrations,
and by PN 14, HCB was only detected in the fat. On PN day 7, pup liver, blood,
and kidney HCB levels were about 5 times the respective maternal tissue HCB
levels, whereas the pup brain HCB concentration was 1.5 times the maternal
brain HCB concentration. Tissue concentrations of HCB in nonpregnant
females, measured at two week intervals over six weeks, showed a gradual
decrease over the duration of the experiment.
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{. Introduction

Hexachlorobenzene (HCB) is a widespread environmental contaminant.
The U.S. EPA reported that the major route of exposure to HCB is probably in
the diet (U.S. EPA, 1987). When ingested, HCB is readily absorbed across the
intestine and distributed to all tissues (Matthews, 1986). It concentrates in
adipose tissue and is metabolized very slowly.

Numerous studies have shown that HCB is a common residue found in
human tissues. Ansari et al. (1986) analyzed fat tissue collected from 109
bodies at autopsy and found HCB in all samples at levels ranging from 18-35
ng/g of fat. Mack and Mohadjer (1985) detected HCB in nearly 100% of the
adipose tissue samples collected from the U.S. population from 1970-1983.

Chlorinated compounds, including HCB, have been reported at high
levels in milk from lactating women (Stacey et al., 1985). Hexachlorobenzene
is a highly lipophilic compound and it has been shown to accumulate in the
adipose tissue. During pregnancy, fat accumulates in the body and is then
utilized for milk production in the milk gland during late pregnancy and lactation.
Of particular interest in this study was the ability of HCB to mobilize with the fat
during these reproductive states.

The current project is relevant to the Installation Restoration Program.
This research program is aimed at solving risk assessment problems
associated with clean-up of landfills on Air Force bases. Hexachlorobenzene is
a common long-lived contaminant in the environment as well as in the body.
Consequently, exposure is widespread and the bioaccumulation of this
compound may represent a health risk. The Toxic Hazards Division (THA) of
the Armstrong Aerospace Medical Research Laboratory is interested in
toxicokinetics as it relates to pregnant women and those with breast-feeding
infants. Currently emphasized in this division is the development of
pharmacokinetic models to be used in risk assessments for women who are
potentially exposed to xenobiotics in the workplace and through
bioaccumulation from the environment.

My master's research project stressed the use of behavioral testing
procedures to determine the teratological effects of trichloroethylene (TCE) on
the central nervous system in rats. Included in my previous research
experience was the collection of tissues from rats exposed to TCE and the
subsequent detection of TCE levels in these tissues using gas chromatography.
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These data were used to support the development of a pharmacokinetic model
for pregnancy and lactationa! transfer of TCE. This experience contributed to
my assignment to the Toxic Hazard Assessment branch of the AAMRL for the
current project.

. OBJECTIVES OF THE RESEARCH EFFORT

a. The primary objective of this study was to quantitatively evaluate the bulk
transfer of HC s from the pregnant and lactating rat to the offsprina. My
assignment as a summer researcher was to determine the tissue concentrations
of HCB in the maternal liver, kidney, brain, blood, fat and milk, as weli as the
concentrations in the pup liver, kidney, brain and blood.

b. To assess the major target tissues for storage of HCB and to study the time
course of the release of the chemical from the dam to the developing offspring.

c. To compile a database that will be useful for the development of a
pharmacokinetic model for the the fate of HCB during pregnancy and lactation.
A tissue dosimetry study provides partition coefficient information and a clear
indication of major target compartments to be used in the development of the
model.
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. METHODS

a. Hexachlorobenzene was dissolved in corn oil, and total dosage of 11 mg/kg
was administered to 60 rats over 3 days by gavage (volume based on 2mi/kg)
two weeks prior to breeding. This allowed the body burden of HCB to
compartmentalize and stabilize in the rats' tissues. Rats were weighed twice
weekly, and food and water were available ad /ib.  Rats were bred, and the
day when sperm were found in the vaginal tract was designated as day zero of
gestation. Litters were culled to e:ght pups at birth.

b. Groups of 6-10 rats and their offspring were sacrificed at designated stages
of gestation and lactation (Table 1) to determine maternal concentrations of
HCB in the blood, perirenal fat, brain, liver, kidney, and milk, fetal
concentrations of HCB in the liver, brain, and blood, and pup HCB
concentrations in the liver, kidney, brain, and blood. Hexachlorobenzene was
extracted from the tissues by homogenizing the tissue in 10 vol. of hexane,
centrifuging the homogenate and assaying each sample in triplicate by direct
injection onto a Hewlett Packard (5890 series) gas chromatograph equipped
with a Deactiglas column packed with 3% OV-101 W-HP 100/120 (3 feet long,
2mm ID) and a 83Ni electron capture detector. Percent recovery was
determined for each tissue type.

On day 21 of gestation, six dams were sacrificed for tissue analyses, and HCB
levels were determined in the above tissues and in fetal liver, brain and blood.

c. Additionally, five female rats were given a single 3.7 mg/kg dose and the oral
uptake of HCB was determined from blood samples collected at 10 min., 30
min., and 1 hr., 2 hr. and 3 hr. intervals. Blood was collected from the tail vein of
each rat after immobilizing the animal in a plastic restraint cylinder. A
heparinized microhematocrit capillary tube was fitted into the base of a 25-
gauge disposable needle, and the needle was inserted into the lateral vein of
the tail. Blood filled the tube by capillary action (70 ul). Samples were taken
from distal to proximal locations along the length of the tail.
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IV. RESULTS
a. The results of this study are represented in Tables 1, 2, 3 and in Fig. 1.

b. The HCB concentrations declined gradually in the tissues of the nonpregnant
rats (Table 1). There was littie effect of pregnancy on the concentrations of HCB
in the dam (Table 2) compared to concentrations in nonpregnant rats. There
was, however, a sharp decrease in maternal tissue concentrations during
lactation. By day 14 PP, concentrations were near the level of detection for all
tissues but fat. Milk concentrations at day 21 PP were not detectable and the
rest of the tissues from this stage remain to be analysed.

c. The bulk transfer phenomenon is clearly depicted in the rapid increase of
HCB tissue concentraion in the suckling pups (Table 3). While the HCB
concentration in fetal tissue reflects the maternal bloed concentration, there is a
surge in pup tissue concentrations by day 7 PP. It is apparent that this increase
is due to the transfer of HCB from fat stores in the dam to the milk.

d. The oral uptake of HCB reaches a maximum at approximately 2 hours post
gavage (Fig. 1).

V. RECOMMENDATIONS

a. The results of this study will be used in the development of a physiologically
based mathematical model for the maternal transfer of HCB. This work will be
useful to establishing risk assessment guidelines for HCB and other xenobiotics
of similar structure and activity.

b. The results will also be used as part of a larger study to determine the
teratology of HCB. Since developing organisms are often more susceptible to
the effects of toxins, | believe that it is important to assess the effects of a
compound on maternally exposed offspring. Specifically, | will focus on the
effects of HCB on the brain, the eye, and numerous types of behavior in order to
assess the neuroteratology of this compound.
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Fig. 1: Oral uptake of HCB ( S.E.) in female rats given 11 mg/kg HCB in corn
oil via gastric intubation (N=5 rats).
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THE PHYSIOLOGICAL EFFECTS OF DOBUTAMINE ON THE

CARDIOVASCULAR SYSTEM

by

Debaorah E. Hollenbach

ABSTRACT

Dobutamine ics & pharmacological agent that acts on
beta-1 receptors in an inotrophic manner to increase
myocardial contractility. Due to thie action, dobwtamine
has been selected as a possible agent'to be used to decreass
the body’s susecptability to G/LOC. G/7LOC occure when there
is a critical reduction of cerebral blood flow as a result
of increased G-farce. Dobutamine (@, 28, 48, &8 mo/Ka/dzay)
was prepared in normal saline and infused for two hours =z
day, five dars & week, for <ix weeks, into miniature swine.
The animals showed a significant dose-dependent increase
in heart rate during infusion. The heart ratez were &2 +2,
144 + 2, 172 + 2, and 181 + 3 during the infusion process.
Syetolic blood pressure (118 + 3, 99 + 2, 838 + 2 and 77 + 3)
and diastolic blood pressure (48 + 2, 546 + 2, 43 + 2, and 40

+ 2) decreased in a similar dose-dependent manner,
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I. INTRODUCTION:

Intreduction of the F~1S5 and F-14 aircraft inte the &ir
Force inventory has centered on the reality that factors
limiting the <speed and maneuverability of fighter aircraft
are not entirely dependent on the design of the airframes
bBut rather rely heavily upon the phrsical limitations of the
pilot, Specifically important is the pilots susceptibility
ta G-induced lazss of conscicusness (GALOCY>., The Air Force,

therefore, has a requirement for basic research data

o

regarding methodolegies which may be employved to enhance
pilots G-tolerance,

fie & second year weterinary student, [ desire to work
with & wvariety of animal species and tao explors
opportunities in lab animal veterinary medicine., Having
completed an extensive study of anatomy and the basics of
pharmacology, 1 felt qualified to ascist with the Ffirst
phase of the G-tolerance project. In addition, previcus
work and a M.S. thezis research project in the area of drug
delivery sycstems and behavior toxicology haz taught me to
conduct bazic research,.

IT. OBJECTIVES:

The objective of the entire research project iz ta
determine if the pharmacologic agent dobutamine will
increase G-tolerance in the pig. My specific objective is

to generate basic recsearch data by determining the

n
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phrysiclogic effects aof infused dobutamine on the
cardigvascular system of the pig. I will do this by lecoking
at its effects or respiration rate, heart rate and blood
pressure,

IIT. TECHNICAL BACKGROUND:

G/LOC has been detfined as "a state of altered
perception wherein (one’s) awareness of reality is zbsent as
a result of a sudden, critical reduction of cerebral blood
flow caused by increased G-force" (Burton, 1988). This
inahility of the cardiovascular system to supply blood teo
the brain under G can be divided into two parts., The first
involves the inability of the heart to generate the
substantial intrav;ntricular pressurec needed to force bleood
inte the brain against hydrostatic fluid pressures
experienced by the pilot (Lamb, 1748». The zecond invalves
inadequate return of blood to the heart cauced principally
by pooling of the blood in the extremities, To date, the
efforts proposed to relieve G/LOC have been aimed at
preventing the pooling of blood and facilitating venous
return to the heart. These methods have involued the use of
anti—-g =suits and implementation of the anti-G straining
maneuver (AGSM) .

. The realization that AGSM ic probably the moszst
successful means of combating G/LOC currently available haz

led to studiecs aimed at determining the type of exercise
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program which would maost effectively reduce the extreme
fatigue which accompanies AGSM. Research by Epperson in
this area demonstrated that 11—12‘tueeks of resistance
training intended to increase muscle mass appeare to show
the most promise in reducing AGSM-asscociated fatigue
(Epperson, 1782). This type of exercise has been shown to
resuit in both muscle hypertrophky and an improved muscle
capacity to conduct anaerobic metaboliem (Burton, 1%87).
Both of these attributes enhance the effectiveness (force)
of the anti-G straining maneuver and lengthen the pericd of
time for which it can be maintained. Vigaorous aerochic
exercice, on the other hand, appears to be contrarelated to
the development of G-tolerance (Johanson, 1788). This may
be due to the propensity for aerobic exercigze ta increase
the size of capillary beds present in muscle tissue. It is
theorized that these capillaries provide additional vascular
areas available for wvenous pooling during G, thus
counteracting any positive effects associated with enhanced
cardiac performance. Resistance training does not increase
the number of capillaries per unit of muscle tissue (Tezch,
12345 .

Dobutamine is & relatively new synthetic catecholamine
employed clinically in the treatment of congestive heart
failure, Dobutamine 15 particularly well suited to the

precent application in that it pcséesses marked beta-ti
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agonist activity characterized by significantly increasing
cardiac contractility while, at therapeutic doses lacKing
the systemic wvasodilatory activity associated with beta-2
receptor stimulation (Leier, 1982> The improvements in
- cardiac function seen in patients with heart disease who
have been treated with dobutamine appear to persist for
several weekes following withdrawal of the drug indicating
these effects may be due to persistent physical or chemical
changes in the muscle cells {(Liang, 1984).

In 1979, Liang demonstrated that the daily intravenous
infusion of dobutamine intc dogs cver & five week period
resulted in & decrease in resting heart rate, enhanced
myocardial contractility and decreased levels of <serum
lactate and endogenous catecholamines., He alsoc observad
indicatione of enhanced ability of the heart to utilize
oxygen. These findings are similar to those seen in a human
cstudy where dobutamine appeared to increase the aerobic
enzyme activity in cskeletal muscle cells of bed rest
patients (Sullivan, 1986). Liang suggests that chronically
elevated serum catecholamine levels result in increased
cardiac performance.

In summary, chronic infusion of dobutamine has been
cshown to mimic the effects of exer'cis;e in that it increases
cardiac performance and increases the capacity of skeletal

muccle csystems to extract oxygen from the blood,
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Theoretically this combination of effects could be
beneficial in preventing G/LOC by facilitating the heart’s
ability to maintain an adequate blood supply to the brain
and, at the same time, augmenting the pilots ability to
sustain the anti-g straining maneuver.

IV. EXPERIMENTAL DESIGN:

This study requires the intact cardiovascular and
muscular systems along with the bicchemical machinery
necesszary to metabolize the pharmacological agent in
question. Therefore the study will involve the use of
minerature swine as animal models for humans. The pig was
chosen because its cardiovascular system is anatomically and
physiologically similar to man, and the pig has been shown
to elicit the AGSM spontaneocusly when subjected to G stress
(Hughes, 1984).

A. Catheterization Technique:

The swine must have catheters placed and maintained for
the intravenocus administration of dobutamine for a seven
week period. The swine were preanesthetized with Ketamine
(20 mg/Kg) followed by surgical anesthesia with a mixture of
icoflurane, nitrous oxide and oxygen;

Placement of the catheter was a sliaght variation of the
procedures described by Witt (Witt, 1988). A skKin incision
was made in the ventral midline of the neck and the external

Jugular vein was isolated. @A silastic catheter was inserted
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five inches inte the vein and sutured in place with silk
sutures both proximzxl and distal to the point of insertion.
A two centimeter by cone centimeter patch of dacron was glued
to the catheter and sutured to the surrounding muscie to
secure the catheter into place. The free end of the.
catheter was then passed subcutaneously to a point on the
midline of the dorsal surface of the neck and exteriorized.
The pigs were placed into cloth and belt jacKkets which
protected the catheters., A five inch by four inch removable
square over the doreal surface of the pig allawed for easy
access to the catheter,

Once in place, the catheters were flushed every other

day until the start of the experiment with ten milliliters

<] ~rinized saline and a two milliliter swine flush (58 ml
de e, 1.24 ml heparin, 2 ml gentamicin). Bicillin (1
ml) v s ‘~tered immediately following the catheter

placement surgery.

B, Primary Study:

Gne week following surgery, <ixteen pigs (four per
group) were restrained in Panepinto slings and were infused
for a period of seven weeke with one of the following doses
of dobutamine (8,20,48,48 mg/kg/day) in normal saline., They
were infused slowly over & two hour period (56 ml/hr.
During the first week the dosage was one half of the

intended dose to slowly acclimate the heart to the chemical
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in order to avoid stressing the heart muscle unnecessarily.
Prior to daily infusion a resting respiration rate, heart
rate and blood pressure was determined., The same parameters
were recorded at the end of both one zrnd two hours of
infusion.

Following a total of thirty days of infusion at the
desired dosage, the pigs were withheld from infusion for
twenty-four hours and then prepared for the G-talerance
partion of the project. This portion of the project was
conducted by other investigatore and will not be included in

this report.

C. Statistices:

Each dosage aroup contained four animals, The
respiration rates, heart rates and blood pressures were
analyzed using ocne-way analysis of variance., In the event a
significant F value was found, Tukeys post hoc test was used
te make pairwicse comparisons, P{8.83 was accepted =x= the
level of siunificance.

V. RESULTS AND DISCUSSION:

f. Effect on Respiration Rate:

Dobutamine infusion produced no effect on the
respiration rate of the sixteen pigs., This was as expected
since dobutamine evokes its action at the level of beta-l

receptors, which are located primarily in heart muscle.
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B. Effect on Heart Rate:

Figure 1 shows the effect of @, 20, 46, &8 mg/Kg- day
dobutamine on the average heart rate of the infused piags.
Average heart rates of 42 + 2, 144 + 2, 172 + 2, and 181 +3
beats per minute were recorded after one and two hours of
infusion. There were no significant differences between the
two readings, but in all cases <(except the controlsg) the
heart rates were significantly higher than the baseline
heart rates. The values recorded for each dosage group were
significantly higher than the valuees recorded for the
preceding group, in a dose-dependent manner.

Figure 2 shows the comparison of the baseline heart
rates at weeks one and <ix. For each dosage group, the
values at week <cix were significantly lower than those at
week one. This may reflect the acclimation of the pigs to
the slings and the infusion routine,. There was a
csignificant difference (p=8.081) between the dosage groups at
week cix, Further analyzation revealed that the contraol
animals (8 mg/Kg/day dobutamine) showed a significantly
higher baseline heart rate over the other dosage groups.
This ie in accordance with the bradycardia obzerved at rest
by both Davidson (1988) in rate and Liang{197%> in dogs
chronically infused with dobutamine for six weeks. It is

also seen as a result of phyeical training and conditioning

wn

(Liang, {979,
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C. Effect on Sy=tolic Blood Pressure;

Figure 3 showe the effect of infused dobutamine on the
systolic blood pressure of pigs. Systolic blood pressure
readings at hour cne of 118 +3, 99 + 2, 86 + 2 and 77 + 3
were recorded for the 8, 26, 46, 48 mg Ko day dobutamine
dosage araoups. There were no significant differences
be tween the pressures at hour one and hour two. All one and
two haour readinge (except for control animals) were
significantly Tower than the baseline values. In addition,
each dosage aroup chowed an average systolic pressure
signiticantly lower that of the preceding dosage agroup, in a
dose-dependent manner.

D. Effect on Diastolic Blood Pressure:

Figure 4 shows the effect of infused dobhutamine on the
diastolic blood pressure of the pigs. For each dosage aroup
(@, 286, 48, &8 mg/ka/day dobutamine) there are no
significant differences between the pressures at hour one
and two. These walues (48 + 2, S6 + 2, 42 + 2, and 46 + 2)
are significantly lower than the baseline values in altl
caseg (except for control animale). There were significant
differences between the infusion readings of the 8, 29 and
46 mg/Ka/day dobutamine dosage groupe, but there was no
siagnificant difference between the values of the 46 and &6
mg/kg/day docbutamine dosage groups. This appears to

indicate that dobutamines decrease diastolic blood pressure

81-12




in a dose—dependent manner, but only to a certain level,
After that level has been reached, diastolic blocod pressure
no longer decreases,
£. Conclusionss

Dobutamine’s activity occurs via the inotrophic
stimulation of beta-1 receptors of the heart. These
receptore cserve the muscle fibers invelved in myecardial
contractility. It does not have activity at the beta-2
receptors, which are involved with peripheral vasodialation.
For this reason, dobutamine is more specific in its action
than the pharmacolegic agent, icoproterencl, which acts at
both beta-1 and beta-2 receptor sites. By acting
selectively at the beta-{ receptors, dobutamine can increace
myocardial contractility, ac evidenced by the dose—dependent
increase in heart rate, without increasing peripheral
vasodilation. An increase in peripheral wasodilation
could lead to the vascular pacling that often ends in G/LOC.

Dobutamine increased the heart rate of the pigs in a
dose—~dependent manner, The heart rates remained elevated
during the daily two hour infusion period. While increasing
the heart rate, the systolic and diastolic pressures
decreased significantly in a dose~depandent manner. The

Y101
wWo

i}
Ih]

only exception to thi the diastsolic presszurc in the
high dosage (68 mg/kKg/day dobutamine) group. It was not
significantly higher then that of the animals receiving 460

mg/Kg/day.
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Baxsed on the data cobtained during this portion of the
G-Tolerance project, dobutamine appears to increase heart
rate in a manner similar to physical training and
conditioning. The increase in heart rate and the decrease
in systalic and systolic blood pressures observed after six
weeks of dobutamine infusion appear to be a positive and
zncouraging finding. Additionally, bradyvcardia at baseline
levels was observed in the dobutamine-infused groups, as has
been seen in experiments involving both physical training
and dobutamine infusion in rats and dogs (Davidson, 1936,
Liang, 1979). While it was hoped that a decreace in
baseline heart rate would have resulted from the drug, the
decease which was actualy observed may have been primarily
due to a condition effect, based on the fact that it was
alsc obkigerved in the contraols,

IV. RECOMMENDATIONS:

Continued experimentation with the pharmacologic agent,
dobutamine 1s necessary before all of the effecte will be
Known. Based on the data obtained in this portion of the
project, the increased heart rates and decreased s?stclic
and diastolic blood pressures chould condition the heart in
the same manner as 11-12 weeks of physical conditioning.

b -

b o % -3 - - - - L - Y - N R Sy ™ - o ., = -
i dose-dependent manner of the increases in heart rate

1

shows promise of creating a range of dobutamine influence.
The next logical step iz to see if the dobutamine infusion

does indeed have an effect on G-tolerance in the pig,
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Investigation of Selspot II Motion Analysis System Response
to Impact Conditions

by
Laura A, Pytel

ABSTRACT

The Selspot II Motion Analysis System was obtained to test under
impact conditions. A pendulum-like motion standard was designed to fit on
an impulse accelerator sled. Tests were run to determine the accuracy and -
integrity of the Selspot II system under acceleration levels up to 24 Gs.

Minor changes were made with the Selspot II cables to avoid a
disconnection with the cameras which occurred at the 20 G level. A
correction was made on the Selspot II data to account for camera vibration
by a rotation of the data plane to fixed targets. The accuracy of the
Selspot system’s analysis of the pendulum-like motion standard was then-
determined through comparison to a high resolution potentiometer mounted
on the pendulum.

Preliminary results point to the conclusion that the accuracy of the
Selspot II system will remain under 1% of the'measuring range during

accelerations conditions below 21 G’s.
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I. INTRODUCTION

The Biomechanical Protection Branch’s primary mission is to develop
protection technology and protection systems for mechanical stress
environments, and to determine the interaction between the dynamic
response of the human body and the protection systems within these stress
environments.

The laboratory facilities used for research at AAMRL/BBP include a
horizontal impulse accelerator and a vertical drop tower.

The motion analysis system is a critical component in the evaluation
of the dynamic response of the human body during protection system
testing. Currently technicians use 16 millimeter high-speed film cameras
to record the motion of marked points of interest on the object being
studied. After the film is processed, an x-y film digitization system is
used to track the marked points frame by frame, thereby determining their
respective displacements and velocities. Because the distance traveled by
the subject during the data collection covers a range too wide for a
stationary (or off-board) camera to see, the cameras must be mounted
on-board and therefore must withstand the same acceleration impact as the
test subject. When using this high-speed film method, test results are
not received until weeks after testing has been completed.

The Selspot II and MULTILab systems together are a motion analysis
and data collection system composed of both hardware and software.
Selspot II will collect, process and present motion data all under the
control of the MULTILab software. Throughout the remainder of this
report, the Selspot II/MULTILab motion analysis system will be referred to

as the Selspot system. An upgrade of the present motion analysis system




would save the branch over 80,000 dollars a year while providing results
in less than an hour.

However, the Selspot system’s characteristics have been veritied only
when the cameras are stationary. This introduces the need for testing of
the Selspot system under impact conditions.

As a mechanical engineer, my background includes vibration theory,
electrical instrumentation and mechanical design. My previous research
work involving gravity leveling instruments is also quite complimentary to

the testing of the Selspot system.
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II1.

OBJECTIVES OF THE RESEARCH EFFORT

Since the current motion analysis techniques are slow and expensive,
possibilities for a new motion analysis system were examined. To update
the system with a newer version high-speed film system would be extremely
expensive. Therefore the possibility of upgrading to the Selspot system
was investigated.

The main objective of this research effort was to determine the
'usefulness’ of Selspot as the motion analysis system for human testing
conducted on the horizontal impulse accelerator sled and the vertical drop
tower of the AAMRL/BBP test facility.

Being a 'useful’ motion analysis method requires the following
characteristics of the system in an impact enéironment of up to the 12 G

acceleration level for human testing:

1. Accuracy level must remain within 1% of the measuring range.
2. Resolution must be less than 1% of the measuring range.

3. The integrity of the system must be maintained through repeated
impacts.

4. The targets must be able to adhere to the subject without falling
off or restraining the movement of the test subject.

5. The system must be able to make 3-D transformations as well as
compute displacements, velocities, and accelerations of the
individual targets.

6. The sample rate of the system must be greater than or equal to
350 Hz for up to 10 targets.

7. The targets must still be visible even when they point 45 degrees
away from the cameras.

A secondary objective added to this research project was to determine
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the accuracy of an angular accelerometer.

My assignment as participant in the 1989 Graduate Student Research
Program (GSRP) was to design, conduct and conclude a test which would meet

these objectives.

82-7




III. APPROACHES TAKEN TO MEET OBJECTIVES

The Selspot system has been used in impact testing by automobile
companies such as Chrysler, Volvo, and Renault as an off-board motion
analysis system for about five years. Knowing this, Selspot wis assumed
to be functional to the specifications listed by the Selspot company
(division of Selective Electronics, Inc.) as an off-board system.
Therefore, the Selspot system already meets all of the requirements listed
in Section 1I, except for those characteristics which are affected by an
impact.

Many of the requirements that are not affected by impact, such as
sample rates, target visibility, and software capabilities, are already
met by the system. However, rough checks of these stationary requirements
were conducted on the Selspot before any impact tests were scheduled. The
remaining requirements of accuracy, structural integrity and target
attachment must therefore be tested under impact conditions before the
Selspot system can be accepted.

The angular accelerometer must also be tested during impact

conditions to examine it’s purely angular motion analysis..

82-8




IV. TEST PLANS

A research effort was planned to determine the accuracy and integrity
of the Selspot system under impact conditions. A method for effective
target attachment was devised during impact testing as well.

The new system was only desired for human testing which occurs at 12
G impacts or less; therefore, the test matrix (shown below in table 1),

went to 24 G allowing a safety factor of 2.

TABLE 1

ACCELERATION PULSE NUMBER

EXPOSURE DURATION TEST OF
(G) (MS) CELL TRIALS

0 - A 3

6 160 B 3

10 159 o 3

15 159 D 3

20 143 E 3

24 126 F 3

To determine the accuracy of the Selspot system during impact, a
motion standard was developed. This consisted of a pendulum-like device
with 3 targets each mounted at a different distance from the pivot point.

Two Selspot cameras analyzed the motion of the targets after impact.

Since the cameras were viewing the targets from different angles, the
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actual 3-D coordinates of motion could be calculated. From the 3-D
coordinates, the displacements were found at each given time interval for
each target. These displacement values were then compared to 'accepted’
values for displacement found by a high resolution potentiometer mounted
at the pendulum pivot. Finally, the error in.the accuracy of the Selspot
system was defined as the difference between the Selspot value and the
potentiometer value. It should be noted that the moving targets were
corrected for camera vibration before the error analysis was calculated.
This was done by analyzing the motion of four fixed targets, then rotating
the camera position such that the fixed targets appeared stationary.

The integrity of the system was measured simply by visual
inspections of the different components as well as watching for drastic
changes in the accuracy of data or any other functions of the hardware.

Since the pendulum-like motion standard created angular
acceleration, an angular accelerometer was mounted on the pendulum, three
inches from the pivot point. This was an additional accuracy test of
motion analysis. The angular accelerometer output was integrated twice to
get displacement then compared to the accepted displacement value from the
potentiometer. Again, the difference between the two displacements was

taken as the error of the angular accelerometer.
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V. TEST RESULTS

Testing was conducted without incident until the 20 G level was
reached. The second test at this level showed that one of the LED’s had
flashed in place of two others. This problem became common at the 20 G
level. After several static tests, the problem was pinpointed to a
disconnection occurring at the camera/multi-cable connection which was
rather weak. This was greatly improved by cleaning the connector and
wiring the cables such that only one cable went to each camera. Any
further problems with this error can be corrected using software which
will interpolate over data points of extreme displacement.

when the acceleration level was raised to 24 G’s, the cameras and
housings were too heavy for the mounts to hold. Both mounts were bent and
loose. The cameras had to be braced with additional supports. It was
decided that the 24 G level tests were not crucial and therefore were
dropped from the test schedule. More tests were then done at the 20 G
level to test for the disconnection problem. The problem still occurred
but was less frequent.

The data analysis consisted of first correcting the Selspot data
for camera vibration. The displacement data from the Selspot and the
angular accelerometer were compared to the potentiometer displacement
data. The error was defined as the difference between the Selspot (or
anqular accelerometer) and the potentiometer displacement data. This
difference was found every two milliseconds for the first 100 milliseconds
following impact. The mean error for each G level was tested to see if it
was under the criterion value of 1% of the measuring range which is equal

to 0.55 inches.
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At this time, the accuracy information has not been completed.
However, preliminary results are very promising. The following plots show
the most current results from this test.

Figure 1 shows the view of the 7 LED's as seen by the Selspot
system before vibration correction for a 6 G test. Led’s no. 4, 5, 6, and
7 are all stationary on the sled, while led’s no. 1, 2, and 3 are mounted
on the pendulum. This becomes more clear when the data have been
corrected for camera vibration. The display in figure 2 represents the
" same data after manipulation by the camera vibration correction software.
The difference between the Selspot displacement data and the potentiometer
displacement data for this test is shown in figure 3. Figure 4 shows the
comparison between the displacement seen by the potentiometer overlaying
the displacement recorded by the angular accelerometer. Rough estimates
of overall accuracy made from figures 3 and 4 show favorable results for

both the Selspot and the angular accelerometer.
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VI. RECOMMENDATIONS

This research has concluded that the Selspot system would be very

beneficial as a motion analysis system for use in research conducted by

BBP on the horizontal accelerator sled and the vertical drop tower at a

maximum acceleration level of 20 G’s. This is assuming that the accuracy

checks out to be less than 1% of the measuring range.

Some recommendations for implementing the Selspot system are as

follows:

Ch
.

The calibration procedure should be carried out at the beginning
of each day of testing. By dating the files, the correct
transformation data base can be matched to the corresponding
data files taken the same day.

The calibration could be greatly simplified by placing the fixed
targets at known locations in the seat coordinate system. This
would eliminate the need for the calibration position reference
standard (PRS) and the data from another stationary position.

The camera housings could be lightened by about 30% if some
redundant sections were removed. This would be necessary for
tests over 15 G.

The camera mounts and supports need to be redesigned for
increased strength in the direction of sled mvement. The
I-beam section of the support should be used in the axis
parallel to the sled movement. The mounts need to have

more than one bolt holding them to the support. Two bolts could
be placed in separate quarter circle slots to allow the same
rotation as the present mount. Also a bolt should be placed in
the middle of each side in addition to those at each corner.

Elastic armbands or tape could be used to keep the LED (target)

leads in place. The LEDs themselves can be attached with double
back sticky foam pads.

At least five of the LEDs with long length (2.5 m) leads should

be purchased. These would be used for points at a large distance
from the LCU box.

A removable insulator should be placed around the LCU box to
enclose LED connections which remain at 20 volts.
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10.

11.

12.

13.

14.

15.

16.

17.

All seat fixtures and surrounding supports etc. which are in the
view of the Selspot cameras during testing, should be painted
flat black if possible,

A label should be placed on the back of the two cameras to
remind technicians to turn off power before disconnecting or
connecting the cameras. This will avoid possible damages to
cameras and LEDs.

A vibration correction program should be written on the Selspot
system to avoid transferring data to the VAX.

A correction program should be implemented that looks out for
extreme data, removes it, and interpolates between the adjacent
points.

A cassette storage system should be purchased from Selspot to
permanently store the test data more easily than on circular
reels. This along with the vibration correction would
completely eliminate the need for transferring data to the VAX.

The actual principal distance for a 24 millimeter lens should be
calculated by Selspot and the software adjusted accordingly.

Compatibility of the Selspot/MULTILab software to standard
languages such as Fortran or Pascal by Selspot would improve the
usefulness of the system.

(optional) A plotter should be purchased which is compatible to
the plotter port of the Selspot system for displaying test
results.

(optional) A larger lens (shorter focal length) could be
purchased as a standby lens, or for wider views. All lenses
should have compatible connectors as well as the same size
support from the housing.

(optional) An A/D board can be purchased from Selspot to insert
into the central control unit of the Selspot system which could
handle up to 64 analog channels without affecting the speed of
the LED (target) sample rate.

To continue the investigation of the Selspot system, tests could be

conducted at higher G levels using stronger mounts and supports. Further

research into the Selspot’s use on the drop tower could also reveal

whether the water spray created after impact would impair the LEDs in some

way.
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However, within the recommendations listed above, the Selspot
should prove to be a valuable motion analysis system for both the
horizontal accelerator sled and the vertical drop tower at impact levels
below 21 G for AAMRL/BBP research in the near future.

If the Selspot system’s accuracy does not prove to be within 1% of
the total measuring range, further testing would be required before the
system could be accepted unless the requirement is changed. The further
testing should take place entirely within the Selspot system. An A/D
board should be obtained to synchronize the timing of both the

potentiometer and the Selspot system for a more accurate comparison.
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Speech Coding and Feature Recognition with a

Backpropagation Neural Network

by
Jariet Slifka

ABSTRACT

The backprogation (bpn) neural network was investigated in relation to speech
coding through the use of an identity mapping network. Training a 50-20-50 network
produced a mean square error on the order of 0.01. From this it was concluded that all
essential speech information was compressed to 20 points from 50 points. These compressed
points were fed into another bpn network whose goal was to determine if the data presented
was a vowel, consonant or silence. Preliminary testing in this area was conducted, producing

several areas for further research.
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1. INTRODUCTION

Neural networks, a growing area in the world of engineering, offer as one of their
most attractive features the ability to execute a mapping without extensive and exhaustive
statistical analysis of the data involved. This is especially attractive to the area of speech
because this type of data can vary enormously depending on speaker, tone of voice, accent,

pronunciation and other factors.

The Biological Acoustics Branch of the Armstrong Aerospace Medical Reserach
Laboratory (AAMRL) at Wright Patterson Air Force Base is conducting basic research in
speech recognition, focusing on several areas. The particular research presented within this
report focuses on speech coding to reduce the number of data points required in a speech
recognition system. Speech data is well known for its large data storage requirements and
any reduction in this area could speed the analytial process. The second area pertained to
preliminary studies in feature recognition. The desired goal is a network that could recognize
each possible phoneme from any given speaker. Toward that end, research was conducted
on a network that could classify data into one of three categories - vowel, consonant, or

silence.

My research history has been focused on digital signal processing techniques as
related to biological signal processing. In the past, this has been concentrated on the
detection and estimation of evoked brain potentials using an adaptive filter. This experience
and my desire to expand my area of research from the single layer system to a multi-layer

network contributed to my assignment to the Biological Acoustics Branch at AAMRL.
2. OBJECTIVES OF THE RESEARCH EFFORT

The 50-20-50 identity-mapping backpropagation neural network, had been
previously implemented within the laboratory by Mr. Tim Anderson. This was accomplished
on a Symbolics system with a high-level neural network software package. This software
allows realtively easy set-up of various network configurations. The Biological Acoustics
Branch also has within its possesion, a Hecht-Nielson (HNC) Neurocomputer which is
capable of many of the same functions as the mentioned software package but requires more
detailed and application-specific programming. The extra time involved in this programming

gains a considerable advantage in processing time. Time for utterance processing and network
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training is cut by approximately a factor of sixteen.

It was my assignment to develop the capabilites of the neurocomputer within the
areas indicted to be promising on the Symbolics system. This involved implementation, in’c’
programming language, of the identity map and corresponding screen and disk outputs.
Further research was conducted to use the hidden layer of the network as coded input to a

feature classification network.

3. BACKGROUND

A neural network consists of a number of processing elements (PEs) or units, their
various connections to the other PEs, the learning laws that govern the training and
adaptation of the PE weights, and the data used to train the network. For the networks
within this research effort, the configuration in Figure 1 was used. This is a three-layer
network consisting of an input slab, hidden slab, and output slab. A connection exists
between each input PE and each hidden unit and between each hidden PE and each output
unit. Each unit has an activation level. Usually, the activations of the input layer are simply
the input data. For the input slab, no calculations are performed to determine the activation
level. However, for the hidden and output slabs, the activations are determined by a
weighted sum calculation. Each unit has a weight associated with each connection. The
activation is computed as the sum of each weight value multiplied by the activation level on
the connected PE. Each unit also has an input of one that is included in the weighted sum

after being multiplied by a bias weight.

Figure 1 : Network Configuration

A circle represents a PE and a line represents an interconnection.
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Neural networks provide a means for extracting information from data. This takes
the form of mapping a set of input data points into a set of output points. Usually this
involves some sort of classification process as will be discussed in the
vowel/consonant/silence (v/c/s) classifier. A special case is the identity mapping neural
network in which the network attempts to reproduce the input data. This serves to 'load’ the
hiaden layer of the network with all of the information in the input layer. If the number of
units in the hidden slab is less than the number of input units, a data compression has been

achieved.

The network is trained by adapting the slab weights to the desired mapping. The
updating of the weights is governed by a learning law. For the applications considered here,
the backpropagation law is used. The network is presented with the desired output for the
current set of inputs. The weights are updated so as to minimize the mean square error (MSE)

of the output units in relation to the desired output or training data.

Several defintions are necessary to detail the learning law and adaptation process.

w;; : an adaptive hidden slab weight.

wy © an adaptive output slab weight.

Aw,; : the change in the hidden slab weight.

yj o
Auy; : the change in the output slab weight.

: the activation of the ith output PE.

h; : the activation of the ith hidden PE. .
d; : the activation of the jth input PE,

t; : the training input.

a, : the learning constant.

(4

B, : momentum constant.
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f'(s;) : the deriviative of the activation function.

These are used to define the learning law for the output slab as follows:
8 = f' (s )k = 0;)

Au'-i =Q, 80'- h,

new old
wy o =t +Au,-,-

f'(s;) =0;(1 —0;) for sigmoidal activation.
For the hidden slab, a slightly different lerning law is applied. In this case,

the contribution of each hidden unit to the total error at the output is computed. This shouid

allow the weights to converge to the minimum MSE mapping. This law is defined as follows:

o
S = [ A1 — hy) 1385t
k=1 ]
Aw,-l- = ahsh,-di
w,','mw = w'-iou + Aw’,

where O is the number of processing units in the output layer. With these two learning laws,
the backpropagation neural network should proceed toward the desired mapping. However,
this is not always the case, especially for higher learning rates. For this reason it is necessary
to introduce the concept of momentum. This is a device which allows the convergence to be

directed to a general direction. This introduces a modification to the learning rule:

Aug"™ = a 8,y + B,Au; ™

if 0 Voi

new old
wp =y +Au,-l-

new

new old
Aw"i = ahsh,-di + BhAw'l

new old
w,-i = w,-’- + Aw,’

new

This says that the amount that the current weight will be updated is governed by
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some proportion of the previous weight change [1,2].
4. DATA

Speech data was obtained from the CD_ROM Texas Instruments (TI)/Massachusets
Institue of Technology (MIT) speech database. This is an acousto-phonetic database
consisting of 420 speakers with each speaker having 10 sentences. The speakers have been

divied into eight dialect regions (dr) designated as follows:

drl: New England
dr2: Northern

dr3: North Midland
dr4: South Midland
dr5: Southern

dr6: New York City
dr7: Western

dr8: Army Brat( moved around ).

Dialect region one has been used in this application. This was an arbitrary choice
and the goal was simply to limit the data to a single dialect region for this early testing phase.
Utterances have also been divided into several types. The kind used in this research are
denoted by the letters ‘sx’ followed by the sentence number. The ‘sx’ represents an MIT
phonetically compact sentence, of which there are five per speaker. Each utterance is also
identified by a set of initials. The set, ‘mreb0’ represents a male (m) speaker with intials
‘reb’. The trailing ’0’ means that within this dialect region, there is only one speaker with the
initials ‘reb’. Again, an arbitrary decision was made to use the speaker, ‘'mreb(/, to limit data
to a single speaker. This presents a simple data set to the network. Plans do exist, however,

to expand training and testing to several speakers and dialect regions.

The utterances are recorded at a sampling rate of 16 kHz with a header and trailer
of silence. Each utterance was divided into 50-point records with a maximum of 1000 records
for processing, depending on the length of the particular utterance. Each utterance has
associated with it, three files -- the actual utterance data samples, a text version of the

utterance, and a phonetic breakdown of the utterance. These are useful in analyzing the data.
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5. IDENTITY MAPPING NEURAL NETWORK

The network itself was required to have the ability to be trained on a set of speech
data as well as test a trained set of weights. Pertinent variables in the backpropagation
network configuration are listed below. These were determined from prior research on the
Symbolics system.

- Sigmoid decision function.
- No direct connection from input PEs to output PEs.
- Momentum weight updating.
- Hidden alpha and output alpha of 0.2
- Hidden momentum (beta) and output momentum of 0.9.
All data was normalized internal to the program before input to the network. Before data is

stored to the disk it is rescaled. However, the stored weights apply to the normalized data.

A primary goal of this research effort was to develop an easily-used software
package on the HNC Neurocomputer for analysis of the two mentioned networks. Toward
this goal, the developed software has several capabilities. For data access, data can be read
directly from the CD_ROM TUMIT database. This binary data is converted to ASCII format

for internal use. .

Data can be loaded either sequentially ( as in for testing or training a saved set of
weights ) or randomly choosing 50-point data sets from throughout the utterance ( as in for
training a network ). Analysis can be done in the single-utterance sequential or random
mode. Or, with the capability to change data files at any time, analysis can be done in a
'piggyback’ sense. The network may be trained on one data set a number of times and then
trained on a different uttrance data set an additional number of iterations, etc. Also, the
capability exists to randomly access up to four different utterances simultaneously and extract

a random data record each time.

For evaluation purposes, the display screen presents a real-time plot of both the
input and output waveforms of the identity map, the actual phoneme in use and its actual
and predicted v/c/s classification, the number of training/testing iterations completed, and the
current MSE and Mean Actual Error (MAE), where MSE and MAE are defined as:
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1
MSE = =3 3 (t — 0;)’
jmljmt

1 N O
MAE=—EZI t,-—o,-i l.
i=lj=1

Options exist to switch screens to a display of a real-time plot of the MSE for both
the identity map and the v/c/s calssifier and a listing of v/c/s recognition statistics including
percent correct for each possible type and total number of correct predictions. On another
screen the current activation level for every PE in the network system can be displayed.
Elapsed training time can be displayed and the network can be switched between training and
testing at any time. Also, the current network weights can be saved on disk for future use
and the learning law parameters of alpha and beta can be changed at any time. These various
analytical tools allows the network to be evaluated in several different aspects. Figures 2 and
3 show typical screen displays. Figure 2 shows the main display screen for the identity
mapping data. This network uses the weights saved after training sequentially 1 million
times with the utterance sx205. Figure 3 shows the MSE plots for a network system
beginning the training process. The large MSE at the start is due to randomly initialized
weights. This decreases as the networks learn the mapping for the header of silence. When
the actual utterance begins, there is a sharp inrease in MSE as the networks adapt to the

presentation of vowel consonant data.

In the test mode, each record is iterated once through the network and the entire
processed utterance is then stored to disk. In the training mode, no processed utterances are
stored and as many iterations as desired can be executed. The records, for training, are
presented to the network in a ‘ring’ fashion, that is, 1000 records of training data would be

presented in the same order repeatedly until training is completed.
6. TEST RESULTS

Data used in early testing is from Dialect Region 1, Speaker mreb0, utterances
sx115( 806 records), sx205( 972 records), sx25( 696 records), and sx295( 1000 records). These

utterances are as follows:

sx25 : Only lawyers love millionaires.
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sx115 : The emblem depicts the Acropolis all aglow.
sx205 : Military personnel are expected to obey government orders.

sx295 : If Carol comes tomorrow, have her arrange for a meeting at two.

Training
Net # Utterance  # of iterations Type of training MSE
1 sx115 100,000 sequential 0.0259
2 sx115 100,000 random 0.0273
3 sx115 + sx205 100,000 ea.  piggyback, random  0.0157
4 sx115,5x205,sx25 100,000 random file selection 0.0252
and sx295 and random record

selection

The third entry, sx115 + sx205, is the only set of training to use 200,000 iterations
total. This may make comparison with the other trained networks unfair. The additional
training time could noticeably reduce the mean square error. Training 100,000 iterations takes

approximately fifteen minutes.

Testing
Utterance Trained Net # MSE
sx115 1 0.0171
sx115 2 0.0201
sx115 3 0.3946
sx115 4 0.0991
sx205 1 0.7139
sx205 2 0.7012
sx205 3 0.0201
sx205 4 0.3108
sx25 2 0.1694
§x25 3 0.1362
sx25 4 0.0364
sx295 2 0.2491
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5x295 3 0.0728
sx295 4 0.0505

Network number four uses 696 test records and samples randomly from each of
the four listed files. This means that the network sees the data from each file for less than
one-fourth the time that the other networks do. Taking this into account, this network

performed remarkably well.

It appears that piggyback training degrades recognition of the first training data
faster than the random file selection training. It would be interesting to train the random file

selection network 200,000 times and then compare with network #3.

It was observed that the utterance sx205 had more high frequency sinusoid-type
data sections, associated with the phonemes 'z’ and ’s’, than the other tested utterances. This

might contribute to the high MSE found when testing sx205 on nets 1, 2, and 4.

5. FEATURE EXTRACTION

The identity mapping had the advantage of previous research to determine
network parameters. The v/c/s identifier network did not have any previous research. For
this reason, the research is basic and attempts to determine which set of variables allow the
‘best’ identifier to emerge. Due to coding problems with the joined network configuration,
run-time is relatively high. As of this writing, the problem has not been solved. In an
attempt to present at least preliminary results, testing has been conducted in a limited sense.

The time invloved did not allow for complete training of the network.

The test setup involved using the hidden layer of the identity-mapping network as
the input to the vi/c/s classifier. The two output units of the network were designted as
follows: 0.1, 0.1 for silence, 0.1, 0.9 for consonant, and 0.9, 0.9 for vowel. This binary-type
representation used 0.1 and 0.9 to decrease the distance each activation had to switch to
designate another type. This was necessary due to the fact that most error is introduced in
the delay present when switching between phoneme types. Also, an extra set of connections

were added. The input slab was connected directly to the output slab.

When evaluating the performance of the v/c/s classifer, it is important to consider
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an untrained network. A random set of weights will produce a single guess as to the
phoneme type. If the network were to guess ‘vowel’ and the vowel/consonant distribution in
the utterance was approximately 50-50 with the silence portion being almost negligible, then
the network would be correct 50% of the time. In order to justify using the network,
recognition should exceed that possible through a ‘guess’ and should show recognition of
each type - vowel, consonant, and silence. \

The identity-mapping network was trained 1 million iterations with the sx205
utterance in a sequential manner according to the run-time options mentioned above.
Sequential training was chosen over random because it gave an almost even representation of
vowel and consonant samples and could be repeated with exactness. Two statistical
measures were taken. These were MSE, the average squared error value over all iterations
and MAE the average actual error over all iterations. Training produced an MSE of 0.0118
and a MAE of 0.3386. Testing the sx205 utterance on this trained network produced an MSE
of 0.0057 and an MAE of 0.3155.

Any v/c/s network output over 0.5 was designated a ‘1’ and any below 0.5 was

designated a ‘0". This allowed for compliation of classification percentages.
Preliminary Testing

8 Hidden Units, 5000 Training Iterations
Alpha 0.3, Beta 0.8
MSE: 0.1795 MAE: 0.3452

% Correct  Total Correct  Total Seen

\' 0.5 2 404
C 100.0 481 481
S 0.0 0 86
T 49.7 483 971

8 Hidden Units, 5000 Training [terations
Alpha 0.2, Beta 0.9
MSE: 0.2249 MAE: 0.4224

% Correct  Total Correct  Total Seen
v 00 0 404
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C 100.0 481 481
S 0.0 0 86
T 495 481 971

10 Hidden Units, 5000 Training Iterations
Alpha 0.3, Beta 0.8
MSE: 0.2168 MAE: 0.4517

% Correct Total Correct Total Seen

vV 05 2 404
C 1000. 481 481
S 0.0 0 8
T 497 483 971

10 Hidden Units, 5000 Training Iterations
Alpha 0.2, Beta 0.9
MSE: 0.2386 MAE: 0.4382

% Correct Total Correct Total Seen

\ 0.0 0 . 404
C 100.0 481 481
S 0.0 0 86
T 495 481 971

8 Hidden Units, 520,000 Training Iterations
Alpha 0.2, Beta 0.9
MSE: 0.2861 MAE: 0.5694

% Correct Total Correct  Total Seen

A 0.0 0 404
C 100.0 481 481
S 0.0 0 86
T 495 481 971

As seen from these limited results, the network tends to choose one value --
vowel, consonant, or silence, as its basis. When viewing the actual activations of the output
layer during testing, the networks trained with an alpha of 0.3 and a beta of 0.8 could be seen

to attempt to change to the desired output at the onset of a different phoneme type, but
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would not quite reach the required level before the phoneme type changed again. This seems
to say that a very important attribute of the v/c/s classifier is its ability to quickly recognize
that a different type is present and change output accordingly. The duration of each
phoneme type is relatively short - sometimes as brief as four records. However, during
training the network ouput was seen to closely track the desired output, switching within two
or three records to the correct classification. This seems to imply that a better trained and

configured network could do the same with a fixed set of weights.

Chossing the run-time parameters associated with the identity-mapping, an alpha
of 0.2 and a beta of 0.9, and training the network over 500,000 times, did not produce any
recognition improvement. From this several options arise. Among them are the need to

increase the number of hidden units and fine-tune the values for alpha and beta.
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6. RECCOMMENDATIONS

The identity-mapping network has been shown to function as desired. Further
work in this area would include expanding the range of data files able to be trained on and
the number of records in the training cycle. This would include modifications to available
memory. Also, it would be constructive to audibly compare the processed utterance with the

actual utterance to determine if any artifacts have been introduced.

The vowel/consonant/silence classifer needs extensive testing to determine its
effectiveness. All that has been gained from this effort is the means by which to conduct this
testing and collect effectivenss statistics. As a starting point, a higher number of hidden units

should be investigated.
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Inteqgral Displays in
Interactive Dynamic Environments
by
Mona L. Toms

ABSTRACT

Prior research has indicated integral displays
are effective in tasks where information needs to
be integrated prior to a response. A 1literature
review of research in this area has found that the
effectiveness of integral displays has not been
investigated in interactive dynamic environments
that characterize command and control, logistics,
and air defense domains. This report discusses
problems that are characterized by these types of
environments, identifies relevant research issues,
discusses how integral displays may facilitate as
decision support, and recommends an experimental
design to test these issues.
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I. INTRODUCTION:

A. Overview.

Despite the increasing trend toward automation, the
human operator will most likely still be involved in
the control and requlation of dynamic systems. This
task often involves the integration of information from
multiple sources which is time-varying in its relation
to a criterion. Decision makers in such environments
are typically uncertain of which decision rule is
applicable because the decision rule changes given the
current state of the system. Because systems are
becoming increasingly complex, it is becoming more
difficult to make inferences about future system states
and determine appropriate control responses.

The control and regulation of complex systems is
made more difficult by the fact that humans are
suboptimal in combining multiple sources of information
under uncertainty. Research findings (Tversky &
Kahneman, 1974) indicate that humans have certain known
biases in the decision making process. Studies have
shown that humans not only find it difficult to use
more than one criterion at a time, they tend only to
identify and use criteria that will support a current
hypothesis. _

There has been increasing emphasis on ways decision
making and thus performance can be optimized with the
use decision support systems. One way is to assist the
operator in developing a mental model for an accurate
understanding of how changes in the system components
interact and effect system state. Another way is to
provide support with the use of decision aids that
would allow information to be easily assimilated.
Decision support can be provided on-line in the form of
realtime displays or advice or off-line in form of
training with these displays or advice. The focus of
this investigation is with both the off-line and
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on-line aspects of decision support.

B. Graphical Representation of Data.

The decrease cost of hardware and the increased
flexibility of software has contributed to the
prevalent use of graphics in decision support. By
representing data in a graphical format, complex data
can be organized in a format which allows the user to
easily extract meaning from the display. A graphical
representation is thought to be effective because it
capitalizes on the excellent pattern-matching
capabilities of the human; and as a result, the
graphical interface is capable of providing "powerful
ways of bringing abstract things into the realm of the
perceptually knowable, "( Holland et al., p. 136).

The graphical display of multivariate quantitative
information can be represented in many forms.
Conventional formats include bargraphs, linegraphs,
scatterplots, and trend plots. While these displays
integrate information to an extent by grouping relevant

information, they are considered separate in the sense
they use different displays or objects to display
multivariate information. Research has shown that
information can be further integrated by mapping
mulivariate information onto several dimensions of a
single object.

One way of representing multivariate information is
with the use of geometric objects; such as rectangles,
triangles, and polygons. These displays, referred to
as object or integral displays, facilitate in the
identification of system state with a particular
configuration of the object representing a particular
state.

C. Integral Display.

The integral or object display has shown
considerable promise of facilitating the integration of
information from multiple sources; and will be the
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focus of this investigation. An example of a object
display is the SPDS (Safety Parameter Display System)
display that is used in nuclear power plants (Woods,
Wise, Hanes, 1981). Eight system system variables are
represented as spokes which are equidistant from the
center of the figure. The reference points are scaled
so that the reference pattern is always an octagon in
normal operating condition. Transformations in the
octagonal pattern represent abnormal states.

There are several advantages for the use of an
integral display in an information integration
environment.

1). 1t acts as a filter of information by
restricting the display to only data that needs to be
integrated for a response.

2.) Facilitates integration of information that
humans are not good at doing, such as nonlinear
(Slovic and Liechtenstein, 1971) ; or because of biases
(Kahneman & Tversky, 1974) or performance constraints.

3.) Reduces panel space requirements such that a
single display may replace several displays; and as a
result, wvisual scanning is also reduced between
displays.

4.) Facilitates rapid recognition of total system
state.

There are several cognitive reasons postulated for
the integral display advantage in integrating
information. Recent research (Sanderson et al., 1989)
has indicated that a key factor may be its use of what
Pomeranz (1981) refers to as an "emergent feature".

An emergent feature is defined as a property of a
configuration that emerges when multiple dimensions are
combined that did not exist when the dimensions were
independent of each other.
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II. OBJECTIVES OF THE RESEARCH EFFORT:

A review of research reveals that there has not
been any research that has investigated the effects of
integral displays in interactive complex environments

(to this author’s knowledge). My assignment as a
participant in the 1989 Summer Faculty Research Program
(SFRP) involved working with Dr. Kevin Bennett in the
development of a part-task trainer. As a research goal
for this summer fellowship, I investigated the use of
the integral display as one way information can be
integrated for display design to reduce task complexity
and enhance learning in the part-task trainer. Several
objectives were stated in meeting this goal: review
research issues and findings, identify an area of
relevant research that needs further study, and design
a pilot study in the identified area. These objectives
were met, and in addition, a pilot study was
implemented of which the results are discussed in this
paper.

A literature review of past research has
investigated the effectiveness of integral displays in
simplistic, non-interactive environments. The findings
typically have found an advantage for the integral
displays in tasks which require information to be
integrated for a response; and a cost for integral
displays in tasks which require attention to be
focused on a single informational source, or attention
to be divided between informational sources for
independent responses. Tasks usually require subjects
to make a criterion judgment response in which they did
not interact with the system. 1In most realistic
environments, such as command and control and process
control, the integration of information for an
identification of system state and control input are
much more complex.
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Our research objectives are to investigate the
effectiveness of a rectangular integral display in a
complex control task. Several issues have been
identified as relevant to this research: 1) Would an
integral display enhance performance by facilitating
integration of information in a complex control task?
2) Embedded in this first issue is the issue of
decomposibility . Would a complex rectangular display
permit decomposition of individual attributes in this
type of task? 3) Would learning be enhanced with an
integral display by facilitating an understanding of
complex component relationships? 4) Would the integral
display show more of a benefit in this type of
environment as the task became more difficult?

III. REVIEW OF PAST RESEARCH:
Past research has investigated the effectiveness of

integral displays in non-interactive environments with
transformations of the component variables
experimentally controlled to instigate system failures.
Research findings have shown an advantage for integral
displays in this type of information integration task.
The £o0’iowing summarizes the results and methodologies
of these studies.

Gnldsmith and Schvaneveldt (1984) with the use of
static displays found integral display advantages with
both a rectangle and a triangle over the separable
bargraph display in an information integration task.
The subjent’s task was to enter a criterion value of
the display according to a predetermined decision rule.
Their study found that with a rectangular integral

digplay 4
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practice enhanced performance m
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configural cue relation (complex task) than with the
additive relation (easy task). These results indicate
that the format of the display as well as practice
impacts learning and performance. Performance was

measured by correlating cue criterion values with
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actual values.

Barnett and Wickens (1988) research with an
integral rectangular display suggest that an integral
display advantage (for an integrated task) can exist
without the associated cost of decoding individual
variables. The subject’s task was to determine the
'value’ of mission by integrating probalistic
information that was displayed in in separable
(bargraph) or integral display formats. To determine
memory of individual components the screen went blank
during some portions of the task, and the subject had
to recall the value of the individual cues.

Performance was measured correlating the actual with
the optimal score. Their findings suggest that while
the emergent feature (area of the rectangle)
facilitate the encoding of information in the
integration tasks, it does not necessarily hinder the
processing of individual attributes.

Andre and Wickens (1988) found that with a more
complex rectangular display, the object display
advantage over a separate display of information
remains intact. However, the object display does hinder
the processing of individual attributes if response
time is used as a performance measure. Four sources of
information, of which three were used for the task,
were mapped onto the dimensions of a rectangle. The
subject’s task was to estimate the safety stall margin,
Performance measures were reaction time and error
magnitude. The cost for decoding information in the
rectangular display was due to a significant increase
in reaction time; however, no significant difference in
accuracy performance (er-or magnitude) was found
between the displays.

Sanderson, Flach, Buttigieg, and Casey research
(1989) investigated the issues of how information is
encoded in a graphical representation. The subject’s
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task was to determine which dynamic system had failed.
One system was represented by a bargraph display and
the other system by a trianqular integral display.
Results indicated an object display disadvantage in an
integrated task if encoding on the bargraph display
resulted in an emergent feature. ’

Barnett and Wickens (1988), Sanderson et al.
(1989), and Wickens and Andre (1988) research have shed
new light on integral displays. The Barnett et al.
(1988) study suggests that contrary to previous
findings with object displays, the dimensions of a
rectangle may not hinder the decomposibility of
individual attributes. Wickens and Andre research
(1988) indicates that if response time is crucial for
decoding individual attributes, there may be a
disadvantage for an integral display. Sanderson et al.
research (1989) suggests the impdrtance of mapping
information so that an emergent feature will be
perceived relative to the task criteria.

IV. PILOT STUDY:

A pilot study was designed to investigate the
effectiveness of an integral display in a dynamic
control task. With this pilot study, it is hoped that
potential problems in display design, procedure or
analysis can be identified before formalizing an
experimental design for further investigation. A good
test to determine the effectiveness of an integral
display is to compare task performance of an integral
display with a "non-integral" display of the same
variables. Because this is a pilot to determine the
overall effectiveness of the integral display in a
dynamic control task, decomposibility issues will not
be addressed.

The manual control of feedwater in the start-up
operations of a nuclear power plant is a complex
control task which lends itself rather nicely to the
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study of the issues of integration and decomposition
with an integral display. This task involves ,
integrating and decoding higher order variables in a
complex control task. Through a cognitive task
analysis with experts, Roth, Woods, and Gallagher
(1986) determined there were several factors which
contribute to making this task particularly difficult.
Among this are the long time lags, complex
thermodynamic processes which are counterintuitive, and
a narrow performance envelope.

A. Hypothesis.

It is hypothesized that task performance will be
significantly better with the integral display because
the task involves the integration of the displayed
variables for control inputs. It is also predicted
that the integral advantage would increase as a result
of increased experience.

The independent variables for this study are:
display condition (integral and non-~integral) and
experimental session (5 days). The dependent variable
is time time spend on task.

B. Subjects.

Five subjects, two females and three males, were
used for the pilot. All subjects had participated in a
prior study which used the separate display of the same
variables used in this task. The task was identical to
the prior study; therefore, the subjects were
experienced with the task in the pilot. Because of
time constraints and task complexity, it was convenient
to use subjects that had a good understanding of the
task.

C. Methodology.

Stimuli: The generic part-task trainer, developed
on a Sun Microsystem Workstation, will be used as a

model to simulate the dynamics of a nuclear power plant
steam generator during start-up operations. The part
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task trainer was designed to teach feedwater operators
how different primary variables interact and affect the
behavior of the system; and how to control and
counteract these effects. Three types of displays are
investigated with the use of the trainer: a baseline
display giving only steam generator level (SGL)
information, a feedflow/steam meter display which gives
steamflow (SF) and feedflow (FF) information in
addition to SGL , and a predictor display which gives
actual SGL and predicted SGL. The steam/feed flow
display and the predictor displays also gave trend
information.

The predictor display provides a prediction of SGL
based upon a steady state condition when SF matches FF
and eliminates any time lags or the thermodynamic
effects of shrink and swell. Shrink and swell effects
are energy effects that causes the initial effect on
SGL to be the opposite of the actual effect on SGL
mass. The predictor display is designed to separate
out the relative contributions of two independent
processes: shrink and swell effects, and water mass.
The differences between the predicted SGL and the
actual SGL provide direct information on the
contribution shrink and swell.

The simulation incorporates the rate of steam flow
as a primary factor in influencing steam generatoc
level. Variations in steam flow is produced by
dynamically by altering steam flow in two ways: 1) by
continuous adjustments, and 2) through disturbances.

The continuous adjustments to steam flow are
partially determined as a function of the contribution
of three sine waves. These changes are further
augmented by one of three ramp types: a rising ramp, a
falling ramp, or a null ramp. The net result of the
combination of the three sine waves and the ramp are
added to the existing steam flow rate in the model.
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The result is a steam flow rate that is either
oscillating, oscillating with 2 gradual rise or
oscillating with a gradual fall.

The second variation produced in steam flow is a
result of random changes, or disturbances, in steam
flow. The number and size of these changes varies as'a
function of the time in the experimental trial, which
could last as long as 5 minutes. For the first 30
seconds of an experimental trial, one disturbance is
produced randomly during the interval. During the next
thirty seconds, the disturbances are randomly added.
The direction of change for a disturbance, either
positive or negative, is randomly determined. The size
of the disturbance is also varied as a function of time
within the trial. Disturbances within the first 30
second time interval range between 0 and 1 %; while
disturbances during the last 30 second time interval
range between 9 and 10 %. Therefore as the
experimental trial progresses, both the size and the
number of disturbances increases.

The starting position of the steam generator is
randomly determined between the set points of 30 and 70
percent of the steam generator level for each trial.

By varying the starting position, it is hoped the
subjects would not be able to detect ramp change
patterns.

Task: The subject’s task for each trial is to
control the rate of feedwater flow by pressing one key
on the keyboard to increase feedflow and another key to
decrease feedflow. The task criterion is to adjust the
rate of feedflow so that the actual steam generator
level remains between the upper and lower trip points
for the duration of the trial, which is 300 seconds. A
single trial would continue until the actual steam
generator level exceeded the trip points or the trial
duration of 300 seconds has expired. At the end of
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each trial, the subject is given feedback of the
percentage of total time the steam generator level was
maintained between trip points.

Procedure: A within subjects design was used with
the integral and nonintegral conditions randomly
determined for each experimental session. The number
of trials for each condition was determined by the
length of time on the task so that the subject would
have approximately the same time with each experimental
condition. The experimental session last for
approximately one hour, thirty minutes per condition.
Testing occurred over a week period with one session
per day for each subject.

Integral display: Because of the inherent
relationship between SF/FF and actual SGL/ predicted
SGL, it is advantageous to use a rectangular display

and encode SF and FF on one dimension (width) and
encode actual and predicted SGL on the other dimension
(height). By encoding SF and FF as two points on the
horizontal axis; and actual SGL and predicted SGL as
two points on the vertical axis, the distances between
these points would reflect the quantitative difference
between the two values encoded on each axis. The length
of the horizontal lines (width) would represent the
quantitative difference between FF and SF. Likewise,
the length of the vertical lines (height) would
represent the quantitative difference between actual
and predicted SGL. The differences between actual and
predicted SGL and SF and FF are critical control
parameters for maintaining SGL. 1If differences exist
on both dimensions (SGL and rate of flow), a
rectangular object would emerge.

The target state for control purposes is have no
difference (distance) between FF/SF, no difference
(distance) between between actual and predicted SGL,
and maintain SGL (actual and predicted) at 50% which
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would be represented as a dot. Because of the dynamic
nature of the task, this "dot" would be unstable and
would emerge as some form of a rectangular object or a
horizontal/ vertical line. The overall goal would be
to reduce the size of the display. However certain
conditions, such as the use of shrink and swell levers,
may necessitate temporarily increasing the size of the
display.

The complexity of the display also necessitates the
use of another dimension of the object to reflect
whether SF is greater than or less than FF or
whether actual SGL is greater than or less than
predicted SGL. Since this is qualitative information,
color is an excellent choice for representing this type
of information (Cleveland, 1985). The four sides of
the rectangle would be a different color representing
the four component variables: SF, FF, actual SGL and
predicted SGL. Figure 1A represents an example of the
integral display.

Baseline Display: A separate display of the four

variables used in the integral display (FF, SF, actual
SGL, and predicted SGL) is used as a baseline display
for the 'nonintegral’ condition. To maintain
difference information between SF/FF and actual
SGL/predicted SGL, SF and FF markers are displayed on
one scale and actual and predicted SGL are displayed

on another scale. 1Individual colors for each parameter
are the same as in the integral display. Figure 1B
represents an example of the separate display.

D. Results.

The results from the pilot study found no
significant differences between the two types of
displays over the five day period. The overall mean
(for five days) for the integral display was 251.4
seconds per trial and for the separate display was
254.0 seconds per trial. There were nc overall trends
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with either display as subjects became more practiced.
The performance increased with the integral display and
surpassed separate display performance for the first
three days; however the trend reversed for the fourth
and fifth days.

E. Discussion.

The hypothesis that task performance will be
significantly better with the integral display was not
supported in this pilot study. Subjects’ comments
suggest several possible disadvantages with the
the use of the integral display.

1). They were highly practiced with a
separate display that used the vertical axis for all
displayed parameters. The integral display had the
SF/FF information on the horizontal axis.

2). bigital values were displayed for both
conditions. At least one subject relied heavily on the
digital values ignoring the graphir representations of
the separate and integral displays.

3). When there was a difference between
actual and predicted SGL and SF/FF were equal, it was
not possible to tell whether actual SGL was larger or
smaller than predicted SGL. This information is
crucial if these values are near trip points.

4). There may have been a
stimulus/response incompatibility in the integral
display. Feedflow was controlled by an upper key on the
keyboard to increase FF and a lower key on the keyboard
to decrease FF which vertical movements are compatible
with the separate display of information. However
SF/FF information moves on the horizontal axis in the
integral display. Therefore using a vertical response
novement to increase or decrease FF would be
incompatible to the horizontal movement of the
displayed information.

88-16




V. RECOMMENDATIONS:

Although the pilot did not show any differences
between the integral and separate display of
information, it is possible that the integral display
would show an advantage in an active learning

environment where subjects have no prior knowledge of.
the task. Goldsmith and Schvaneveldt (1984) results
found that the advantages of an integral displiay was
maximized in this type of environment. By allowing
relevant dimensions to be viewed as a unified whole,
the integral display could make the relationship
between in system components more explicit and thus
enhance the learning process. '

It is suggested that follow-up research focus on
learning issues and use subjects not familiar with the
task. Modifications to the study would include: making
the response input compatible to the stimulus,
modifying the integral display so that actual steam
generator level is visible when steamflow and feedflow
are equal, removing digital values, and changing the
movement of steamflow and feedflow in the separate
display to be compatible with the integral display. It
is also possible the performance measure used in the
pilot was not sensitive enough to reflect any
differences between the displays. If a more sensitive
performance measure can be determined, it should be
used in addition to the time on task measure.

Integral displays may make complex relationships
between system variables more explicit in an active
learning environment. Research is needed to fully
explore the use of integral displays as decision
support in an interactive dynamic environments. The
part-task trainer provides an enriched environment
to test these issues.

88-17




Figure 1lA.
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An Evaluation of Stereoscopic 3D Computer Displays
by
John E. Williamson
A.B.SBAQ

While the principles for creating stereoscopic illustrations have been known for over
150 years, very little applied research has been conducted on determining the benefits of such
a presentation. The majority of stereoscopic research has tended to focus on the psycho-
physiological aspects of stereoscopic vision in an attempt to localize the cognitive structure
which merges the two disparate images. Past applied research has not given conclusive
evidence that stereoscopic 3D presented materials improve performance when compared to
traditional 2D presentation. Often no difference is found between the 2D and 3D groups,
very small samples were used or the results could not be replicated.

Traditionally research into stereoscopic 3D benefits has not examined reaction time as
a dependent variable. It is felt that reaction time, rather than accuracy, is a variable which
may demonstrate that stereoscopic 3D presented materials can lead to better performance cver
2D displays. Several methods of 3D presentation are discussed and a series of experiments
which use re.....or ume are proposed.

Note: The use of the terms "3D" or "*hree-dimensional” in this paper refers to stereoscopic
ur true 3D, where the image appears to have volume. Often these images will look as
though they are floating behind orin {- .1t of the computer screcn much like 3-D movies and
the popular ViewMaster children's toy. This definitior. differs from the use of the phrase
"3D" in today's com:puter terminology. This use refers to the representation of 3D objects
in a flat 2D space such as a photograph. This technique is often more accurately referred to
as "2 1/2D" or solid/shaded (Figure 1).
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I. INTRODUCTION:

The Intelligent Systems Division of the Human Research Laboratory at Brooks Air
Force Base examines a variety of technologies which can be applied to intelligent tutoring
systems (